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The  ART  of 

D  I  A  L  L  I  N  G, 

Performed 


GEOMETRICALLY,  by  Seals  and  Compares  v 
ARITHMETICALLY,  by  the  Canons  of  Sines  and  Tangents : 
I  N  STRUMENTAL.L  Y,  by  a  Trigonal  Inftrument. 


The  Geometrical  Part  wbereof  is  performed  by  Projecting  of  the  Sphere  in 
pjuno,  upon  the  Pten  it  felf,  whereby  not  only  the  Making  but  the 

Re  a f on  alfo  of  Dials  is  Difcovered. 

4  fecofid  way  of  Geometrical  Dialling  very  Ei lie,  Plain  and  U'tiVerfaL 

The  jrijtru  cmtiatL 


To  which  is  added  A 

SUP  PI  EMEN  T< 

SHEWING, 

How  bv  Scafe  and  Compares  to  inicribe  fuch  Circles  of  the  Sphere  into  Sun  Dial - 
Plans  that,  (hall  fhew  (  befides  the  hour  of  the  day)  the  Diurnal  Motion  of  the 
Sun-  Vis  Place  in  the  Zodiack  ;  the  Time  from  his  Rifing  and  Setting;  Babilonian, 
hdUan  and  tfewijh  Hours ;  the  Point  of  the  Compafs  upon  which  the  Sun  is  at  any 
lime  of  the  Day,  and  the  Proportions  of  Shadows  to  their  Heights. 

ALSO, 

A  General  and  Eafie  way  to  Project  Hour- Lines  upon  all  kinds  of  Snperficm% 
without  any  regard  had  to  their  ftanding. 

A  N  D, 

How  from  a  Glafs  Horizontally  Placed  in  the  Soyl  of  a  Window,  to  refleft 
Hours  upon  any  Superficies, . 
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TO  THE 

READ  E  R. 

THIS  Treatife  of  Dialling  (as  in  the  former 

Edition)  confifled  of  Three  Parts:  the  Ac¬ 
ceptance  it  hath  found,  encouraged  me  to  add 
a  Fourth  Part ;  namely,  [  A  Second  Way  of  Geome¬ 
trical  Dialling  1  which  is  performed  with  great  Eafe 
and  Exabtnefs ,  and  may  be  fer  vice  able  to  the  ingenious 
Praftitioner,  when  the  other  Geometrical  way  f either 
by  infinite  excurfions  or  r emotion  of  Centres  J  may  prove 
either  very  difficult,  or  at  leaf  inconvenient ;  I  have 
exemplified  it  only  in  Horizontal,  Dire&  North  or 
South  Recliners,  and  in  Vertical  or  Upright  Decli¬ 
ning  Plains,  as  of  alt  other  the  mofl  General  The 
Order  of  the  Four  Parts,  as  they  are  now  Printed ,  are 
as  follower h,  viz. 

The  firft  Part  is  Geometrical,  andperformeth  the 
whole  Do&rine  of  Dialling  by  Scale  and  Compares  ; 
by  Proje&ing  of  the  Sphere  in  Plano  upon  the  Dial 
Plain  it  [elf  i.  e.  By  drawing  upon  the  Plain  fuck  Cir¬ 
cles  of  the  Sphere  in  their  true  Pcfition ,  as  airy  way  re¬ 
late  to  the  delineating  of  the  Hour-lines  upon  fuch  a- 
Plain,  let  the  Plain  be  in  any  pofition ,  and  the  Place  in 
any  fituation ,  in  reffeU  of  Latitude ,  by  which  manner 


it 


To  the  READER. 

vj  delineation ,  the  Hour-lines,  the  place  of  the  Subftiie, 
and  Sc  lie’s  height  above  the  Plain,  fball  naturally  fall 
in  their  due  places  upon  the  Plain,  having  no  other  con - 
federation?  than  only  knowing  how  the  Circles  of  the 
Sphere  are  pofited  upon  the  Globe  it  j elf ;  which  will  be 
fluff  cient  to  carry  y  u  through  the  whole  Work.  And 
to  that  end  ( after  fame  few  necefary  Geometrical  Pro- 
blems  J  at  the  beginning  of  the  Book,  I  have  inf erted 
fome  Agronomical  Elements  alfo,  giving  the  Reader 
a  brief  account  of  thofe  Ckcles,and  alfo  of  their  fituation 
upon  the  Globe :  And  in  the  Conclufion  of  this  firft  Parc 
I  have  (as  my  lafl  Example  of  Declining  Reclining 
Dials  ;  which  Plains  of  all  others,  are  the  moft  difficult 
to  draw  Hour-lines  upon J  Jo  Proje&ed  the  Sphere  for 
that  purpofe ,  that  not  only  the  Making,  but  the  Rea  Ion 
alfo  of  the  delineation  of  that  Dial  f and  confequently 
of  any  other  J  is  demonfir atively  difeovered. 

The  fecond  Pare  is  Arithmetical,  fhewing  how  by 
Arithmetical  Calculation  fby  help  of  the  Canons  of 
Artificials  i  ties  and  Tangents  J  to  find  the  fituation  of 
any  Plain,  and  from  thence  to  calculate  the  true  places 
of  the  Stile,  Subftiie,  and  Meridian,  as  alfo  of  the  Hour 
diftancer,  and  that  upon  all  forts  of  Plains,  from  the 
Horizontal  or  Vertical,  to  fuch  as  Decline  or  Recline, 
or  both.  And  in  this  Part  1  have  taken  my  Examples 
ffor  the  moft  part )  the  fame  as  in  that  fore-going,  and 
that  for  thefe  two  Reafons  principa  Uy.  (1.)  For  the  fa- 
viug  my  felftbe  labour  o  f  calculating  of  Jo  many  New 
ms.  But  (II.)  and  chiefly^  for  the  Pra&itioner’s /z- 

tis faction. 


To  the  READE R'. 


Mr-  V/T 


Subftile, 

}:  L 


tpsfnMiotJ-)  that  be  may  fee  what  harmony^fcre  w  be¬ 
tween  Arithmetical  Calculation  and  Geometrical 
Projection. 

; The  third  Part  k  Instrumental,  andteacheth  how  to 
delineate  Hour-lines  upon  all  forts  of  Plains,  by  help  of  a 
Plain,  Cheap,  and  Portable  InStrumen',  which  1  cal !  a 
Horologicai.  Trigon,  by,  which  the  Stile 
and  Hour-lines,  upon  any  Plain,  may  eafily  an  ijpeecii :y 
be  ProtraCted,  having  very  few  lines  to  draw ,  but  the 
Requisites  themfelves^and  in  am  cafe,  feldom  exceeding 
the  Confines  or  Limits  of  the  Plain  hfelf.  And  with  this- 
Inftrument  and  its  Ule  I  conclude  this -Tread  lev 

It  may  now  be  erf  died  that  1  fhoukifhew  hew  to 
beaut i lie  or  adorn  thefe  Dials,  by  infer ibing  upon  them 
'Other  Spherical  Circles  and  Lines  (  befides  the  common 
hours )  as  the  Equinoctial  and  Tropicks,  the  Parallels 
of  Declination,  Parallels  of  the  Suns  Place,  cf  the- 
-Length  of  the  Day,  of  the  Suns  Riling  and  Setting,, 
the  Jewifh,  Italian,  and  Babylon  ifh  hours,  Almican- 
thera’s  Azimuths,  Circles  o/Pofition,  ffo  Signs,  As¬ 
cending,  Defending,  and  Culminating,  and  the  like 
Spherical  Conclusions  :  But  in  regard  that  (in  part J 
fome  years  (mcey  I  have  fin  an  Appendix  to  a  Book  of 
Dialling  ypublijbed  a  Geometrical  way  of  pet  forming 
many  of  thefe  Conclusions  upon  fome  Plains,  I  was  tb® 
mor  e  willing  to  omit  them  in  this  place  at  that  time%  my. 
other  occafions  not  giving  me  f>  much  lei fur  e,  as  t  o  pro- 
fecuie  them  things  anfwerableto  my  own  delire,  c  r  the 

ingenious  F r aUiitionevs  Satisfaction,  But  at  that 

I- did  I 


To  the  READER, 

I  didpromife  C&od  willing )  that  in  due  time  I  would 
puhlifh  fomething  elfe  of  Dialling,  and  that  not  only  of 
\he  making  of  Dials  upon  Plains,  hut  upon  irregular 
Superficies  alfo ,  as  upon  Cylinders,  Cones,  and 
Spher  es,  both  Concave  and  Convex,  and  alfo  upon  ir¬ 
regular  Concave  or  Convex  Superficies,  and  that 
both  by  Reflexion  and  Ref  rax  ion,  with  divers  other 
things  of  the  like  nature  :  All  which  particular  s,  I 
have  fwce  that  time  performed,  and  the  Book  is  now  in 
the  Prefs,  an  account  of  the  Title  whereof  and  of  the 
particulars  therein  contained,  is  given  in  a  PofHcript 
at  the  end  of  this  Book. 

And  now.  Reader,  let  me  acquaint  thee.  That  in  the 
former  Edition  ( in  regard  of  my  r emotion  from  the 
Prefs,  and  the  earelefnels  of  the  Printer,  and  grofl  ig¬ 
norance  of  his  Corre&or,  fuch  ridiculous  faults  and 
abfurdides  gaffed  the  Prefs,  that  when  I  came  toperufe 
the  Book-,  I  could  hardly  (fmy  fef')  in  manp.places 
0 without  due  ccnfideration  )  underfland  it.  But  I  have 
purged  it  from  thofe  Errors  .we/Ahfurdities  with  which 
it  was  then  burthened,  to  my  vexation,  and  the  great 
Trouble  of  the  Learner ;  and  now,  is  far  more  perfeffi, 
and  nothing  in  it  defer ving  an  Errata.  I  this  fecond 
time  recommend  it  to  thee,  wifbing  all  good  fuccefs  in 
thy  Endeavours.  And fo  for  this  time,  Farewel. 

^otthcot^temb.26.  Will  Leyboum 
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CONNEXTURE 


O  F 


GEO  MET RI  CAL  PROBLEMES 


\ 


AND 


ASTRONOMICAL  ELEMENTS 


y. 


PROBL.  I. 


Upon  &  Right  Lifts  give  ft)  to  es'cfi  et  Perpend  icuki  i , 

DEFINITION. 

A  Right  Line  is  faid  to  be  Perpendicular  to  another 
Line  when  it  maketh  the  Angles  on  either  fide 
of  the  erefted  Line  equal,  that  is,  Co  that  the 
Line  inclines  not, either  to  the  right  or  to  the  left 
but  ftandeth  upright  upon  the  Line, upon  which  it  is  erect¬ 
ed  as  in  the  following  Figure,  the  Right  Line  A  B  is  faid 
to  be  perpendicular  to  the  Line  C  D,  upon  which  it  is  ere- 
cted  becaufe  the  Angles  on  either  fide  thereof  are  equal  * 

Zl  JABn  An8'^  A  BA  5”  ,he »  equal  Zhe 

l5  "S fig* ■’  and  ,he  Line  AB  fo«eaed,  is  cal- 


B 


PRA* 


PRACTICE, 

s 

Let  CD  be  a  Plight  Line  given, and  let  it  be  required  to 
ereft  a  Perpendicular  thereupon  from  the  point  B :  Open 
your  Compalles  to  any  convenient  fmall  diftance,  and  let- 

tingoneFootin  the  point 
B,  with  the  other,  make 

^ _ TT  the  two  marks  E  and  F, 

on  either  tide  of  the  point 
|£  B.  —This  done, open  the 

Compares  to  any  other 
convenient  diftance  grea¬ 
ter  than  the  former,  and 
letting  one  in  the  point 

_ _ . _ E,  with  the  other  draw 

C  E  "B  y  jD  the  oblcure  Arch  G  G,  as 

near  as  you  may  guefs  over  the  given  point  B.  Again  (the 
Compalles  being  ftill  opened  to  the  fame  diftance)  fet  one 
foot  in  the  point  F,  and  with  the  other  Foot  defer  ibe  ano¬ 
ther  oblcure  Arch  H  H,  crofting  the  former  in  the  point 
A  *  lo  is  A  the  point  through  which,  if  you  draw  a  right 
Line  from  the  given  point  B,that  Right  Line  A  B,fo  drawn, 
ftiall  be  Perpendicular  to  the  given  Line  C  D,  and  from  the 
point  B,  as  was  required. 


PROBL.  If. 

How  upon  (or  near')  the  end  of  a  given  Right  Line,  to  ersB 
a  Perpendicular. 


O  effe<ft  this,  there  are  feveral  ways,  but  I  will  in- 
ftance  only  in  two,  which  are  familiar  and  eafie. 


\ 


The 


..v-» 


ft 

CO 


The  Firft  Way- 

Let  A  B  be  a  Line  given,  and  from  the  point  A,  which  is 
towards  the  end  thereof,  let  it  be  required  to  erect  a  e  - 


pendicular  A  C.  ——Firft,  Open  your  Compaffb  to  any 
final  1  diftance,  and  fetting  one  foot  in  the  given  point  A, 
with  the  other  defcribe  the  Arch  FED,  then  fet  one  foot 
of  the  Compafles  in  D,  (they  being  opened  to  the  lame  di¬ 
ftance  )  croft  the  Arch  in  E,  and  fetting  one  foot  in  E,  with 
the  other  defcribe  the  Arch  A  F  G  crofting  the  firft  arch  in 
F.  Again,  fet  one  foot  in  F,  and  with  the  other  defcribe  the 
fmall  arch  HH,  crofting  the  former  in  the  point  C.*  fo  the 
line  A  C  being  drawn,  it  (hall  be  perpendicular  to  the  gi¬ 
ven  Line  A  B,  and  from  the  point  A,  as  was  required. 

The  Second  Way. 

J 

Let  B  be  the  point  given,  and  from  it  let  it  be  required 

to  draw  the  line  B  I,  Perpendicular  to  A  B.  - Open  the 

Compafles  to  any  fmall  diftance,  and  fitting  one  foot  in  the 
given  point  B,  pitch  down  the  other  foot  at  all  adventures, 
as  at  K,  fo  the  one  foot  being  in  K,turn  the  other  foot  about 

B  a  till 


till  it  crofs  the  given  line  A  Bin  L,  then  draw  the  line  KL, 
and  fet  the  fame  diftance  K  L,  fat  which  the  Compafles  al¬ 
ready  (land)  from  K.  to  M,fo  a  Line  drawn  from  B,  through 
M,  {hall  be  Perpendicular  to  A  B,  and  from  the  given  point 
B,  as  was  required. 


PROBL.  III.  h 

How  from  a  Point  above ,  to  let  fall  a  Perpendicular  to  a 
Right  Line  given. 

IN  this  there  are  two  Cafes.  Firft,  when  the  point  above 
is  overfor  near)  the  Middle  of  the  Line.  And  Secondly, 
when  the  Point  above  is  near  over  the  End  of  the  Line. 

The  Firft  Cafe . 

Let  N  O  be  a  Right  Line  given,  and  from  the  point  P, 
over  it,  let  it  be  required  to  let  fall  the  Perpendicular  P  Qh 
- — Firft  open  your  Compafles  to  any  diftance  greater  than 


feri.  , 


P  Q  and  Petting  one  foot  in  the  given  point  P,  with  the  other 

defcribe  an  Arch  of  a  Circle, cutting  the  given  line  N  O,  in 

the  points  R  and  S.  Then,  Secondly,  divide  the  fpace  be¬ 
tween 


(?) 

« 

tween  R  and  S  in  two  equal  parts  in  Q_,  (by  the  Fourth 
Probleme  following)  fo  aline  drawn  from  the  given  point 
P,  to  Q_,  (hall  be  Perpendicular  to  the  given  lineN  O. 

The  Second  Cafe. 

Let  V  be  the  point  given,  from  whence  to  let  fall  a  Per¬ 
pendicular  to  the  line  N  O,  - — Firft,  from  any  part  of  the 
given  line  N  O,  as  from  T,  draw  a  right  Line  to  the  given 
point  V,  which  Line  (by  the  next  Problem)  divide  into 
two  equal  parts  in  the  point  X,  with  that  dlftance  of  the 
Compaffes  (one  foot  being  placed  in  X)  with  the  other  de- 
foribe  the  Arch  (or  Semicircle)  VOX,  cutting  the  given 
line  N  O  inO,fo  !i  Line  drawn  from  V  to  O,  (hall  be  Per¬ 
pendicular  to.the  given  lineN  0,and  towards  the  end  thereof, 
as  was  required. 

*  P  R  O  B  L.  IV. 


CN 


A 


Jr3 


EX 


Hove  to  divide  a  Right  Line  given ,  into  T wo  Equal  parts ,and 
at  Right  Angles. 

Et  the  line  A  B  be  aline  given,  to  be  divided  into  two 
equal  parts  at  Right  Angles.  Take  in  your  Compaffes 

the  length  of  the  line  A  B,  or 
(if  that  be  too  long)  any  other 
diftance  above  half  the  length 
thereof,  and  letting  one  foot  in 
the  end  A,  with  the  other  draw 
the  ArchCDE,(th  en  the  Com- 
“sj  paffes  unaltered)  fet  one  foot  in 
B,  and  with  the  other  foot  crofs 
the  former  arch(both  above  and 
below  the  line)  in  the  points 
F  and  Gj  then  a  line  drawn 
from  F  toG,  fhall  cut  the  given 
Line  in  H,  fo  fhall  A  B  be  di¬ 
vided  in  two  Equal  Parts  in 
the  Point  H,  and  at  Right  Angles,  which wasrequ  ired. 

PROBL 


D 


Q 


eo 


PROBL.V. 

A  Right  Line  being  given,  how  to  draw  another  Right  Line, 
which  ffall  be  Parallel  thereunto ,  at  any  dijlance  required , 
or  through  any  point  affimed. 

DEFINITION. 

OF  Parallel  Lines,  there  are  principally  Two  kinds, viz. 

S freight  or  Right  Lined  Parallels ,  and  Circular  Paral¬ 
lels.  All  Circles  that  are  deferibed  or  drawn  upon  the  fame 

Centre,  whether  they  be  grea¬ 
ter  or  leffer  one  than  the  o- 
ther,  are  (aid  to  be  Parallel 
or  Concentric 4  Circles ,  as  the 
Circle  A  B  C  D,  may  be  laid 
to  be  a ConcentrickCircle with, 
or  a  Parallel  Circle  to  E  F  G 
H,  becaufe  both  of  them  are 
deferibed  or  drawn  upon  the 
fame  point  or  Centre  O ;  and 
of  both  thefe  Circles, the  right 
line  A  C  is  the  Diameter  of  the 
Greater  Circle ,  and  E  G  of  the  Leffer,  the  point  O  is  the 
Centre  of  both,  and  all  Right  Lines  drawn  from  thence 
to  the  Perifery ,  Circumference ,  or  Limb  of  either  of  the 
Circles ,  are  Equal,  and  are  called  fometimes  the  Semidia- 
miters ,  and  fometimes  the  Radius  of  the  Circle,  as  the  lines 
O  C  or  O  B  of  the  Greater, and  O  Hand  O  E  of  the  Leffer: 
It  containing  do  fitch  Degrees  or  Parts,  of  which  the  whole 
Circle  contains  360. 

But  Right  Lined  Parallels ,  are  fuch  Right  Lines,  that 
being  drawn  upon  the  fame  Plain,  and  infinitely  extended 

on  either  fide, would  never  con¬ 
cur  or  meet,  but  always  in  all 
parts,  retain  an  equal  diftance, 
and  fuch  are  the  right  lines  B  C, 
and  B  D,  in  the  Margin. 


B 

B 


C 

D 


In 


v  7 

In  the  defcribing  or  drawing  of  Parallel  Lines,  there 
may  fall  out  Two  Cafes  or  Varieties :  As, 

1.  It  may  be  required  to  draw  a  Right  Line  Parallel  to 
another  Right  Line ,  at  a  Diflance  given.*  Or, 

2.  It  may  be  required  to  draw  the  Parallel  Line  through 
a  Point  affigned. 

And  of  this  kind  there  may  be  two  Cafes  $  For, 

1.  The  given  Point  may  be  Over  or  Under  the  Given. 
Line  $  Or, 

2.  It  may  be  Oblique  to  the  given  Line. 

PRACTICE. 

•  .  v  "  ~  J  '  t 

Of  the  Fir  ft  Cafe . 

Let  E  F  be  a  Right  Line  given,  and  let  it  be  required  to 
■  draw  another 


G 


I  - . -  a 

1  K 


Right  Line 
/’c  j*j*.  parallel  there- 

o  unto,  at  the 

_ ..... _ _  Diftance  of 

■E  f  the  Points  G 

Take  in  your  Compares  the  given  di fW  u 

Letting  one  foot  of  the  ComoafTes  in  re  'l[‘ nce  ^  ^en 
near  the  ends  of  the  givenUnel  an/  ot,ler  point 

Arch  of  a  Circie,  as  IK  Th" it  "K*  fnuU  ob£ure 

F  (towards  the  other  end  of  the  givenLine^T^  t0 
ther  obfcure  Arch  as  L  Ma  then  lav  a  r  deLcribe ano- 
top  of  thefe  two  Arches  fo  tint  th*  R*\u  er to  fhe  very 
but  juflly  touch  either’ of^  £  cr4 

given  Line  E  F,  and  at  &  7ft  "nS  H  u Tt‘  “  the 
quired.  CU  H3  which  was  re- 


The 


(8) 

The  Second  Cafe. 

Let  P  Q,be  a  Right  Line  given,  and  let  it  be  required 
to  draw  another  Right  Line  Parallel  thereunto,  which 
thall  pafs  through  the  point  R, 

v  *3-. 


rrc: 


sv 


Firft,  Set  one  foot 
of  your  CompafTes  in 
/'s  Ap.  the  given  point  R, and 

with  the  other  take 
- — ~ — - ^  the  neareft  diftance  to 

the  given  Line  P  Q_, which  isdoneby  opening  or  (hutting  of 
the  Com  pa  lies,  till  the  moveable  point  do  only  touch  the  gi¬ 
ven  line  P  Q_,  deferibing  the  Arch  S  T.  fhe  Compau.es 
bill  refting  at  this  diftance,  fet  one  foot  in  P,  (or  any  o- 
ther  points  towards  the  end  of  the  given  Line)  and  with 
the  other  foot  defcribe  the  Arch  V  X.  Laftly,  By  the  very 
top  of  this  Arch  Y,draw  the  Right  Line  YR,  and  it  mall  be 
Parallel  to  the  given  Line  P  Q_,  and  (hall  pais  directly 
through  the  given  Point  R,  which  was  required. 

The  Third  Cafe. 

Let  A  B  be  a  Right  Line  given,  and  let  it  be  required  to 
draw  another  Right  Line  Parallel  thereunto,  which  fhall 
pafs  through  the  Point  C. 

~  Take  in  your  CompafTes  the  diftance  from  the  given 

Point  C,  to  the 

jk  _ 5  end  of  the  gi¬ 

ven  line  B,  then 
fet  one  foot  in 
A, the  other  end 
of  the  given 
line,  and  with 

the  other  Foot  defcribe  the  Arch  F  G.  Again,  Take  in 
oar  Complies  the  length  of  the  given  line  A  B,  and  fa¬ 
ir  one  foot  of  that  diitance  in  C,with  the  other  defa.be 
th,Sarch  D  E,  eroding  the  former  arch  in  the  point  H  fo 
the  Line  H  C  being  drawn,  fhall  be  Parallel  to  t  e  me 
A  B,  and  fhall  pafs  through  the  given  point  C,  asp^a^" 

quired. 


E 

H 


r 


"c; 
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(9) 

PROBL.  VI. 


< 


J?ij  Three  Points  (which  are  not  in  a  jiraight  Line )  being 
given  j  how  to  find  the  Centre  of  a  Circle,  which  Jhall  pafs 
through  thofe  Three  given  Points. 


Et  the  three  given  points  be  A  B  and  C  ,  through 
H'hich  it  is  required  a  Circle  ftiould  be  delcribed  : 
Fir  ft,  Set  one  Foot  of  the  Compaffes  in  one  of  the  given 

points  as  in  A,  and 
extend  the  other  foot 
to  B,  another  of  the 
Points,  and  draw  the 
arch  of  a  Circle  G  F 

D, - Secondly,  the 

Compaffes  not  alter¬ 
ed,  let  one  foot  in  B, 
and  with  the  other, 
crofs  the  former  Arch 
with  two  (mall  Arches, 
in  the  points  Dand  E, 
and  draw  the  Right 
Line  D  E.  Third¬ 
ly,  fet  one  foot  of  the 
Compaffes  in  the  third 
point  C,  (  they  ftill 
keeping  the  fame  di¬ 
stance)  and  with  the 

fitft  drawn  Arch  G  F  D  m  the  points  F  and  G,and  draw 
the  Right  Line  F  G,  crofting  the  former  right  line  D  EJn 
the  point  O.  So  is  O  the  Centre  fought  for  5  upon  which,  if 

you  defOTtaaCWc  at  the  diftance0  A,  it  (hall  pafs  through 

the  three  given  P&wts  A  B  and  G^  as  was  required# 


>*  r-  t 
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PRO  BL.  VII. 


Two  Points  within  a  Circle  being  given,  hove  to  find  the 
Centre  of  a  Circle,  which  being  dejcribed ,  jhall  pafi 
through  the  'Two  Given  Points  3  and  jhall  aljo  divide 
the  Perifery  or  Circumference  of  the  given  Circle  into 
Two  equal  Parts. 


THis  and  the  foregoing  Propofition,come  in  continual 
ufe  and  practice  throughout  this  work,  and  there¬ 
fore  ought  more  Specially  to  be  minded.  ;  ... 

Let  the  Circle  given  be  A  B  C  D,  and  the  two  Points 
widiin  the  fame,  be  E  and  F.  I 


Firfl,f  Through  ei¬ 
ther  of  the  given  Points 
(as  E,  y.  draw  a  right 
line  ED,  which  muft 
(s  through  the  Cen- 
of  the  given  Circle 
at  R.  *—  Secondly,  To 
this  line  B  D,  draw  the 
line  A  C,  through  the 
Centre, ;  and  at  right 
angles  to  BD  — Third¬ 
ly, F  rom  the  given  point 
E,  draw  a  right  line  E 
A,  and  upon  the  end 
thereof  A,  (by  the  2. 
Probl.)  ereft  the  Per¬ 
pendicular  A  G,  crof- 
fing  the  Line  B  D,  (it 

in?the 
foarfhall  G:  be 

»  & 

a  third  point,  and  then 

_ .  _  points  £  F  and  G>  (by  the  laft  Problem) 


: ?  n  ; :  .. v  ■ 

»  i  iJ  >  *  i  *■  -  *•**■■*  *  *■  %  -  ■* 

*  I  <r  T  f. 


■*  -  g 


you 


If! r  ( ii ) 

you  may  find  a  Centre,  upon  which  a  Circle  being  defcri- 
bed,  (hall  pafs,  whofe  Centre  will  be  at  H,  without  the 
given  Circle,  upon  which  point,  if  you  delcribe  the  arch 
of  a  Circle  at  the  extent  or  difta.nce  of  H  E,  H  F,or  HG,it 
fhall  pals  through  the  two  given  Points  E  and  F,  and  (hall 
alfo  divide  the  given  Circle  ABC  D,into  two  equal  parts 
in  the  points  M  and  L,  which  was  required.  And  that 
this  Arch  thus  drawn  doth  dividethe  given  Circle  into  two 
equal  parts  is  evident,  for  a  Line  drawn  from  L  to  M,  will  • 
pafs  dire&ly  through  the  Centre  ot  the  given  Circle,  and 
fhall  therefore  divide  it  into  two  equal  parts. 


JL 
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PR.OBL  VIU. 


How  to  make  a  Line  of  Chords  Geometrically ,  to  any  ajfign- 
-  ed  Length  or  Radius.  .  .  \  ■ 


J 


-  . *  *  -  „  .s  •  >  • 

I""Orafinuch  as  through  this  whole  Treatile,  there  is  con- 
^  tinual  mention  and  ufe  made  of  a  Line  of  Chords ,  it 
will  not  be  impertinent  in  this  place  to  difcover  the  making 
thereof,  for  the  convenience  of  fuch,  as  at  all  times,  and 
in  all  places,  cannot  have  the  benefit  of  the  Mathematical 
Inftrument-maker,  to  whom  thefe  things  are  common. 

•  -  .  rt  ■  ■  ■ 

DEFINITION. 

A  Line  of  Chords  is  no  other  than  60  Degrees  of  the 
Arch  of  any  Circle,  transferred  from  the  Limb  of  a  Circle 
to  a  Streight  Line  5  now  every  Circle  great  or  final],  is 
divided  (or  fuppofed  fo  to  bej  into  360  equal  parts,called 
Degrees ,  fo  the  Semicircle  contains/80,  the  Quadrant  90, 
stnd  the  Radim  01  Semidiameter  (which  is  that  Line  upon 
which  the  Cjrtele  or  Semicircle  is  defcribedj  noted  in  the 
following  Figure  with  the  Letters  A  B,  is  always  equal  to 
60  degrees  of  that  Circle  which  it  defcribes,  and  therefore 

C  2  60  de~ 


6o  degrees  of  a  Line  of  Chords  is  called  the  Radius  thereof 
Thus  much  for  the  Definition  of  a  Line  of  Chords,  now  for 

The  CONCLUSION.  ■ 

Firft,  Draw  a  Right  Line  of  any  length,  as  C  B  D,  and 
upon  the  middle  thereof^  (by  the  Firjl  or  Fourth  Problem) 
ered  the  Perpendicular  A  B. 

Secondly, Open  your  Compaffes  to  the  Rad  jus, ox  length 
that  you  would  have  your  Line  of  Chords  to  be  o£  which 
foppoie  AB,  ( which  1  make  here  equal  to  the  Line  of  Chords 
tfat  mojl  of  the  Schemes  and  Diagrams  in  this  Booh  were  de¬ 
ferred  by)  and  with  that  diftance  upon  B,  as  a  Centre, 
delcribe  the  Semicircle  CAD,  which  is  divided  into 
two  equal  parts  or  Quadrants  by  the  Perpendicular  Line 
A  B. 

Thirdly,  Divide  the  Arch  or  Quadrant  A  R  D,  into 
90  equal  parts  or  degrees,  which  you  may  do  in  this  man¬ 
ner  [Take  the  length  of  the  Line  A  B,  and  let  that  di¬ 
ftance  upon  the  Quadrant  A  D,  from  D  to  R,  lo  is  D  R 
60  deg.  and  A  R  go  deg.  Then  take  the  diftance  A  R, 
and  let  it  from  D  to  S,  lo  is  the  Quadrant  divided  in¬ 
to  three  equal  parts,  at  the  points  Sand  R,  each  contain¬ 
ing  go  deg.  This  done,  divide  the  leveral  fpaces  between 
A  R,  R  S,  and  S  D,  into  g  equal  parts,  each  of  which 
will  be  10  deg.  according  as  you  fee  the  numbers  let  to 
them,  thefe  mult  be  again  divided  into  two  equal  parts, 
each  part  containing  5  degrees,  and  every  of  thole  into 
five  fmaller,  as  you  lee  in  the  Figure, and  fo will  the  whole 

Quadrant  be  divided  into  90.3 

Fourthly,  The  Quadrant  A  R  S  D  being  thus  divided 
into  90  parts  or  degrees,  fet  one  foot  of  your  Compaffes 
in  D,and  open  the  other  foot  to  A,  and  defcribe  the  Arch 
A  E  F,  touching  the  Line  C  D  in  F,  fo  is  the  point  F,  up¬ 
on  the  Right  Line  C  D,  the  Chord  of  90  deg. 

Fifthly3 


* 


(!3) 

Fifthly,  Open  the  Compafles  from  D  to  80  deg.  and 
defer i be  the  Arch  80  G  H,  lo  (hall  the  point  H  be  the 
Chord  of  80  deg. 


Sixthly,  Open  the  Compafles  from  D  to  70,  and  de- 
Icribe  the  Arch  70  I  K,  lo  is  K  the  Chord  of  70  deg. 

Again, .  Open  the  Compafles  from  D  to  R,  the  Radius, 
or  60  deg.  and  delcribe  the  Arch  R  L  B,  lo  is  B  the  Chord 
of  60  deg.  equal  to  the  Radius. 

Do  the  like  with  50,40,30,20.  and  10  deg.  So  (hall  yo.u 
have  the  line  D  F  divided  into  90  waequal  parts  called 
Chords. 

In  this  manner  may  you  make  a  Line  of  Chords  of  any 
length,  and  let  it  upon  a  Ruler,  and  it  is  fit  for  to  perform 
all  the  ules  in  this  Book,  and  it  were  convenient  that  upon 
one  and  the  lame  Ruler, you  had  three,  four,  or  five  Chords 
of  feveral  lengths  or  Radiules,  as  in  Practice  you  will  find 
to  be  neceflary  and  commodious.  ' 

Being  thus  provided  of  a  Line  of  Chords,  I  will  now  pew 
you  how  to  worl{_  two  Conclufions  Geometrically,  which  are 
of  abfolute  ufe  in  Dialling,  the  one  is  to  find  the  Hour 
of  the  Day,  and  the  other  is  to  find  the  Azimuth  of  the 
Sun  at  any  time,  and  in  any  place.  And  with  them  I 
pall  conclude  thefe  Geometrical  Problemes,  and  Agro¬ 
nomical  Elements. 


Agronomical  Elements . 

t 

FOr  the  better  under  Handing  of  that  which  fblloweth, 
the  Reader  ought  to  be  acquainted  with  the  Princi¬ 
pal  Circles  of  the  Sph  ere.  As  alio,  with  (itch  other  Lines ,  and 
Points ,  as  are  deferibed  and  noted  upon  the  Material 
Sphere  or  Globe ,  in  imitation  of  thole  which  are  imagin¬ 
ed  to  be  in  the  Heavens.  And  of  lb  many  of  thele  as  are 
necefiary  for  this  our  prelent  purpoie,  I  {hall  give  you  a 
brief  account.  Know  therefore,  that, 

:  -  DEFINITION. 


■  A  Sphere  or  Globe  is  a  Solid  Body,  containing  only  one 
Superficies,  in  whole  middle  there  is  a  Point, from  whence 
all  right  lines  drawn  to  this  Superficies  are  equal. 

The  Principal  Circles  of  which  a  Sphere  or  Globe  is 
compoled,  are  in  number  lev,  whereof  Six  ate  great,  and 
Four  are  [mailer  Circles. 

A  Great  Circle  is  that  which  divideth  the  Body  of  the 
Globe  into  two  equal  Parts  or  Hemilpheres.  A  Small  Cir¬ 
cle  is  that  which  divideth  the  Globe  into  two  unequal 

m  1  *1  T  I 


parts. 


The  Six  Great  Circles  are , 


j  The  Horizon,  o  f4.The  Zodiac^ 

2  The  Meridian,  >  <}  5  ?  The  Two  Colmes. 

3  The  [Equinoctial,  J  <~6\ 

r  '  '  The  Lejfer  Circles  are, 

1  The  Tropich^  of  Cancer,  ?J3  -The  Artie, i  Circle. 

2  The  Tropick of  CapricornJU  The  Circle. 

Of  ttefe  in  the  Art  of  Dialling  thereis  principally  but 

five  to  betaken  notice  of,  t,«.  Three  Great  C, roles,  and 

wo  Imaller  Circles.  • 


The  Great  Circles  are^ 

1  The  Horizon , 

2  The  Meridian , 

3  The  Riquinottid. 

The  LeJJ'er  Circles  are , 

1  The  Tropic 4  of  Cancer , 

2  The  Tropic^  of  Capricorn. 

/ 

I.  O/^e  HORIZON. 

In  the  following  Figure,  let  the  outermofl  Circle  there¬ 
of  noted  with  the  Letters  H  Z  O  N,  reprefont  a  Sphere  or 
Globe,  then  the  Horizon  k  h  Circle  which  divideth  or  fo- 


4 
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parateth  the  vifible  part  of  the  Heavens  which  we  fee,  from 
the  invifible  part  which  we  fee  not,  and  is  reprelented  in 
the  following  Figure  by  the  Line  (which  reprefents  a  great 
Circle^  H  Q^O,  leparating  the  vifible  Hemilphere  H  Z  O, 
which  we  fee  3  from  the  invifible  part  thereof  H  N  O, which 
we  lee  not. 

II.  0/  the  Meridian. 


The  Meridian  is  a  Great  Circle  of  the  Sphere  which  paf- 
feth  by  the  Poles  of  the  World,  and  through  the  Zenith 
and  Nadir  of  the  Place.  To  this  Circle,  when  the  Sun 
cometh,  he  being  above  our  Horizon,  maketh  Noon  or 
Mid-day,  and  being  in  the  lame  Circle,  when  it  is  under 
the  Horizon,  it  is  then  Midnight. 


The  Zenith  is  that  poin 
ly  over  your  head,  in 
be.  And, 


is  direft- 
foever  you 

The 
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The  Nadir  is  that  point  in  the  Heavens  which  is  under 
your  feet,  dire&ly  oppofite  to  the  Zenith. 

The  Meridian  Circle  in  this  Figure,  is  noted  with  the 
Letters  H  Z  O  N,  the  point  Z  at  the  top  reprefenting  the 

Zenith  ,  and  N  the  Nadir  Points. 

v  1  * 

III.  Of  the  JEquino&ial. 


The  BiquinoUial  is  a  great  Circle  of  the  Sphere,  divi¬ 
ding  it  into  the  Northern  and  Southern  Hemifpheres, 
which  take  their  names  from  the  two  Poles,  that  being 
called  the  Northern  Hemfphere,  in  which  the  North  Pole 
is  (eated,  and  that  the  Southern  in  which  the  South  Pole  is 
feated.  Unto  this  Circle  when  the  Sun  in  his  Annual  mo¬ 
tion  arrivethj  which  is  but  twice  in  the  whole  Year)  the 
Days  and  Nights  are  of  equal  length  through  the  whole 
World. 

This  Circle  cutteth  the  Axis  of  the  World  at  Right 
Angles,  and  is  Seated  in  the  Heavens  90  deg.  or  a  Quarter 
of  a  Circle,  diftant  from  either  of  the  Poles. 

It  is  reprelented  in  this  Figure  by  the  Line  or  Circle 
JE  Qje.  The  two  Poles  are  noted  with  P  and  S5  P  be¬ 
ing  the  North,  and  S  the  South  Pole  j  and  io  the  Hemi- 
fphere,'  x  P  JE,  is  the  Northern,  and  JE  S  x  the  Southern 
Hemfphere.  And  the  Right  line  P  Q_S,  is  the  Axis  of  the 
World,  eroding  the  JRquino&ial  at  Right  Angles  in  Q_, 
the  Centre,  or  middle  point  of  the  Sphere  or  Globe. 


4  IV.  Of  the  two  Tropkks. 

The  two  Tropicks  are  Smaller  Circles  of  the  Sphere  de¬ 
scribed  parallel  to  the  ZEquinodial  Circle,  and  at  23  deg. 
and  a  half  diftant  therefrom  5  that  being  the  greateft  Decli¬ 
nation  that  the  Sun  hath  from  the  JHquinoBial  towards 
either  of  the  Poles.  Of  thefe  Circles  one  is  called  the 
Tropic fof  Cancer  pi  Northern  Tropick  5  the  other  the  Tro- 

D  pick 
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pick  °f  Capricorn ,  or  Southern  Tropick,  fo  denominated, 
horn  the  Poles  which  they  refpeft  or  behold.  As  the  Tro¬ 
pick  of  Cancer,  marked  with  the  character  of  Cancer  S  S 
at  each  end  thereof, beholdeth  P,the  North  Pole, and  the  Tro¬ 
pick  of  Capricorn,  noted  with  the  characters  of  Capricorn , 
'CP  yf  ,  at  each  end  thereof  refpecteth  S,  the  South  Pole. 

Thefetwo  Circles  are  the  bounds  or  limits  of  the  Suns 
courfe,  for  between  them  he  always  moveth,  never  going 
more  Northward  or  South  ward, (That  is,  declines  not  near¬ 
er  to  any  of  the  Poles)  than  23  deg.  31  min.  Wherefore, 
when  the  Sun  in  his  annual  courfe,  (hall  arrive  to  the  Fro- 
oick  of  Cancer, which  is  about  the  10th.  or  nth.  of  Jane, 
he  maketh  the  Longeft  Days  to  all  that  inhabit  in  the  Nor¬ 
thern  Hemifphere.  And  when  he  arriveth  to  the  Tropick 
of  Capricorn ,  which  is  about  the  nth.  of  December ,  he  nia- 


feeth  the  Shortefi  Days  to  thofe  that  inhabit  the  Northern, 

■and  the  Longeft  to  thofe  of  the  Southern  Hemifphere. 

,  ,  Be  ides 
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Befides  thefe  Circles  here  named ,  there  are  diners  others  de¬ 
ferred  upon  the  Globe,  Two  forts  whereof  are  of  great  nfe 
in  Dialling,  and  therefore  J  fhall  makg  them  known,  viz. 

V 

Hour  Circles^  and  Azimuths. 

t 

'Our  Circles  are  great  Circles  of  the  Sphere,  which 

_ meet  together  in  the  Poles  of  the  World,  and  croft 

the  iEquinoftial  at  Right  Angles  $  of  which  the  Meridian 
(or  outward  Circle  in  this  Figure)  is  the  hour  Circle  of  12, 
the  ftreight  line  P  QJS,  which  reprefents  the  Axis  of  the 
World,  is  alfd  the  Hour-circle  of  Six,  and  all  the  reft  of 
the  Hour-circles  are  drawn  from  Pole  to  Pole  between 
them,  as  the  Circle  PAS  reprefents  the  Hour-circle  of  8 
and  4  a  Clock,  and  Co  of  all  the  reft,  which  are  12  in  num¬ 
ber,  reprefenting  the  24  hours  of  the  day  and  night  being- 
taken  round  the  Globe  or  Sphere. 

Azimuths  are  alfo  Great  Circles  of  the  Sphere,  meeting 
together  in  the  Zenith  and  Nadir  points,  and  fill  upon,  or 
inter  left  the  Horizon  at  right  Angles  3  as  the  Hour-circles 
do  the  iEquinoftial.  Of  thefe  Circles,  the  outermoft 
Circle  of  this  Figure  reprefents  the  North  and  South  Azi¬ 
muth  3  and  the  line  Z  QN  the  Azimuth  of  Eaft  and  Weft 
and  is  commonly  called  the  Prime  Vertical  Circle.  And  all 
other  circles  drawn  through  the  Zenith  and  Nadir  poim*  and 
cutting  the  Horizon  at  right  Angles,  are  intermediate  A- 
zimuths  between  the  Eaft  and  Weft,  and  the  North  or 
South  Points.  As  in  the  Figure,  the  Circle  Z  B  N  is  an 
intermediate  Azimuth  between  the  South  and  the  Weft- 
being  40  deg.  diftant  from  O  the  South  point.  5 

Every  Circle  of  the  Sphere  hath  its  proper  Poles  which 
are  always  90  deg.  diftant  from  it  in  all  parts.  5 

So  in  the  former  Figure  Z  the  Zenith,  and  N  the  Nadir 
points,  are  the  Poles  of  the  Horizon,  they  being  90  deg 
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diftant  from  O  the  South  point,  from  Q_the  Weft  point, 
and  from  H  the  North  point  of  the  Horizon. 

Alio  Qjs  the  Pole  of  the  Meridian  Circle  H  Z  O  N,  it 
being  90  deg.  diftant  therefrom  in  all  parts. 

Again  P  and  5, the  North  and  South  Poles  of  the  World, 
are  alfo  the  Poles  of  the  iEquino&ial  Circle,  they  being  re¬ 
moved  therefrom  on  either  fide  90  deg. 

But  the  Pole  of  the  Hour-circle  P  A  S  is  at  C,  and  the 
Pole  of  the  Azimuth  Circle  Z  B  N  is  at  D,  and  how  to 
find  thefe  Poles,  and  alfo  the  Poles  of  any  oblique  Circles, 
fhall  be  difcovered  in  divers  places  of  the  following  difi 
courfe, where  there  is  often  occasion  for  the  finding  of  them. 

Note,  And  whereas  throughout  this  Book^  there  is  continual 
mention  made  of  Degrees  and  Minutes,  know,  that  a  De¬ 
gree  is  the  360  part  of  any  Circle ,  each  of  which  degrees 
is  fuppofed  to  be  divided  into  60  parts  called  Minutes,  Jo 
that  45  min.  is  three  quarters  of  a  degree ,  50  min.  half  a 
degree ,  and  1 5  min.  one  quarter  of  a  degreey  &c. 

TheSe  are  finch  Agronomical  Elements ,  as  I  conceive, 
moft  neceffary  for  the  underftandingof  that  which  follows 5 
It  refteth  now  that  I  Shew  how  to  perform  two  or  three 
Agronomical  Concluftons  Geometrically,  without  which  the 
knowledge  of  making  of  a  Dial  will  be  of  little  validi¬ 
ty^  for  to  what  putpofe  will  a  Dial  Serve  without  it  be 
rightly'  placed?  Or  how  can  you  make  a  Dial  for  any  ap¬ 
pointed  place,  without  you  firft  know  the  position  or  Si¬ 
tuation  thereof?  And  to  thefe  purpofes  are  the  following 
Conclusions  Subservient. 

And  becaufe  it  is  requiftte  to  know  at  all  times  of  the  Year , 
What  declination  the  Sun  hath  from  the  Mquino&ial 
either  Northward  or  Southward,  I  have  therefore  at  the 
end  of  this  Introduction,  infer  ted  two  Tables,  the  one 
jhewing  the  Suns  Declination  every  day  in  the  year.  And 
the  other  a  Table  fhewing  the  Latitudes  of  all  the  Princi¬ 
pal  Cities  and  Towns  in  England, Scotland  and  Ireland. 

$  ■*'  '  PR  ART 
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PROBL.  IX. 


Having  the  Latitude  of  the  Place,  the  Altitude  of  the  Sun, 
and  the  Day  of  the  Month  given,  to  find  the  Hour  of  the 
Day,  and  Azimuth  of  the  Sun. 


LEt  the  Place  he  London ,  whole  Latitude  is  51  deg. 

32  min.- —  Let  the  Suns  Altitude  be  45  deg.  —  And  _ 
let  the  Day  of  the  Month  be  the  1  ith.  of  May,  at  which 
time,  by  the  following  Table,  the  Suns  Declination  is 
20  deg.  20  min.  North. 

Firft,  Defcribe  the  Circle  H  Z  O  N,  representing  the 
Meridian  of  the  Place}  —  Crols  it  at  right  Angles  with 
the  two  Diameters  H  Q_0,  for  the  Horizon,  and  Z  Q_N 
for  the  Prime  Vertical  Circle,  or  Azimuth  of  Ea ft  a nd  Weft. 

Secondly,  Take  51  deg.  32  min.  the  Latitude  of  the 
Place,  out  of  your  Line  of  Chords,  and  let  it  from  H  to 
P  the  North,  and  from  O  to  S  the  South  Pole }  and  draw 
the  line  P  QrS,  for  the  Axis  of  the  World.  And  becaufe 
the  .Equinoctial  Circle  is, in  all  parts,  diftant  from  the  Poles 
of  the  World,  90  deg.  take  90  deg.  of  your  Chord,  and 
let  them  from  P  to  iE,  and  from  S  to  x,  and  draw  the  line 
A  Qje,  for  the  .Equinoctial  Circle. 

Thirdly,  The  Suns  Altitude  given  being  45  deg.  Take 
45  deg.  from  your  Chord,  and  fet  them  from  H  to  A,  and 
from  O  to  T 3  and  lay  a  Ruler  either  from  H  to  T,  or 
from  O  to  A,  arid  the  Ruler  will  crofs  the  Prime  vertical 
Circle  in  L,  through  which  point  the  Circle  of  the  Suns 
Altitude  mbit  be  drawn, and  for  the  drawing  of  it, you  have 
three  points, 'A,  L  and  T,  wherefore  by  the  6  th.  Probleme 
beforegoing  you  may  find  its  centre,  which  will  always 
be  in  the  Prime  Vertical  Circle  Z  Q_N, .  extended. 

Fourthly,  The  Suns  Declination  for  the  day  propoled, 
viz.  the  uth.  of  Mayj  being  20  deg.  20  min.  North- 
laid)  therefore  take  20  deg.  20  min.  out  of  your  line  of 

Chords , 


Chords,  and  let  them  from  JE  to  C,  and  from  %  to  D,  to- 
wa  i  ds  P  the  North  Pole,becaufe  the  Declination  was  North, 
other  wife  it  ftiould  have  been  fet  towards  S  the  South 
Pole.  —  Then  laying  a  Ruler  either  from  JE  to  D,  or 
from  x  to  C,it  will  in  both  cafes  cut  the  Axis  of  the  World 
in  E,  through  which  point  the  Parallel  of  the  Suns  de¬ 
clination  for  that  day  muft  be  delcribed,  and  for  the 
drawing  of  it,  you  have  three  Points  D,  E  and  C,  whole 
Centre  will  always  be  in  the  Axis  of  the  World  S  QP 
extended,  and  may  be  found  by  the  former  Sixth  Pro¬ 
blems 

Fifthly,  Obferve  in  your  Scheme,  where  the  Parallel  of 
Altitude  A  L  T,  and  the  Parallel  of  Declination  D  E  C, 
do  crols  each  other,  which  will  be  at  the  point  ©  ,  and 
that  is  the  place  of  the  Sun  at  the  time  of  the  Queftion. 


Sixthly, By  the  forementioned  6th.  Probl.  draw  an  Hour- 
J  J  ,  -  circle 
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circle  through  the  three  points  P  0  and  <$,  whole  centre 
will  always  be  in  the  TEquinoftial  line  extended,  if  need 
be;  alfo,  through  the  Points  Z  ©  and  N,  draw  an  Azi¬ 
muth  Circle,  whole  centre  will  always  be  in  the  Horizon 
extended  when  need  requires. 

Thefe  two  Circles  being  thus  drawn,  your  Scheme  is 
prepared  for  the  finding  both  of  the  Hour  and  Azimuth  in 
this  manner. 

I.  For  the  HO  Z)  R . 

Lay  a  Ruler  to  P,  the  Pole  of  the  World,  and  G  the 
point  where  the  Hour-circle  crolfeth  the  ^Equinoctial,  and 
the  Ruler  will  cut  the  Circle  in  a.  So  the  difiance  from 
to  JE  being  mea lured  upon  the  line  of  Chords,  will  be 
found  to  contain  41  deg.  48  min.  which  is  the  Hour  of  the 
day,  counted  from  Noon,  which  reduced  into  Time  (by 
allow  ing  15  dvg.  10  an  horn ,  and  4  deg.  to  one  minute  of 
time)  will  be  two  hours,  47  minutes,  that  is.  either  j? 

minutes  after  2  in  the  After-noon,  or  13  minutes  alter  q 
in  the  Fore-noon.  '  *  "  ' 


H.  For  the  AZIMUTH, 

Lay  a  Ruler  to  Z  the  Zenith,  and  to  B  the  point  where 
the  Azimuth  Circie  crofieth  the  Horizon,  and  the  Ruler 
wiH  cut  the  Meridian  Circle  in  the  point  b.  fo  the  difianr- 
£  meafured  upon  the  Line  of  Chords"  will  bl 

found  to  contain  62  deg.  8  minutes.  And  fiich  is  the  Sum 
Mmuth  from  the  South  part  of  the  Meridian'.  ....  Or  the 
otna nee  N  l>,  being  meafured  upon  the  Chords,  will  be 

Hand  o°  7  eg- P  7n;  which  *  the  Suns  di- 

fhe  ^o“V  e,tter  W  °r  •» 

Thus  by  one  and  (he  lame  Proje&ion  of  the  Sphere 
you  have  found  both  the  Hm  and  the  Azmlbji 

many 


C  24  ) 

many  other  Conclufons  AJlronomical  might  be  wrought 
by  this  way  of  Proje&ion,  which  I  have  more  fully 
fhewed  in  my  Geometrical  Exercifes ,  now  lately  pub- 
lifhed.  But  '.eeingthat  the  Azimuth  is  of  fuch  frequent 
ufe  in  Dialling,  that  nothing  can  be  done  to  pur- 
pofe  without  it,  and  that  in  this  way  of  Proje&ion, 
fometitnes  the  centres  of  the  Circles  wilt  be  very  re¬ 
mote,  I  will  here  Chew  you  another  Geometrical  way, 
whereby  you  may  find  the  Azimuth  at  any  time,  and 
in  any  place,  by  (freight  Lines, which  will  be  feme  light 
and  ea(e  to  the  Pta&itioner,  that  fo  he  may  com¬ 
pare  one  Way  with  the  other  in  cafe  of  any  doubt, 
which  will  be  a  good  confirmation  of  his  Work. 

Another  veay  to  find  the  Azimuth. 


LEt  the  given  Latitude  be  51  deg.  32  min. 

The  Declination  North,  20  deg. 

The  Suns  Altitude  12  deg. 

And  let  the  Suns  Azimuth  be  required. 

Firft,  Upon  the  centre  Q.,  defer ibe  the  Semi-circleH  Z  O 
for  half  the  Meridian,  and  upon  Q_,  raife  the  Perpendicu¬ 
lar  Q.Z,  fois  Zt  he  Zenith. 


i 


Secondly,  Set  (by  help  of  your  Line  of  Chords)  5 1  deg. 
32  min.  the  Latitude  of  the  place,  fcomZ  to$),  and  draw 

M  Qjox  the  iEquinoftial.  Thirdly, 


05) 

Thirdly,  Set  20 deg-  the  Suns  Declination,  from  JE  to¬ 
wards  Z,  to  the  Point  D,  (being  it  is  North)  and  draw 
the  Line  D  T  parallel  to  AH  Q_,  fo  is  D  B  T  the  Parallel 
of  the  Suns  Declination.  ■ 

Fourthly,  Set  12  deg.  the  Suns  Altitude  given,  from  O 
to  L,  and  from  H  to  M,  and  draw  the  Line  M  L,  for  the 
Parallel  of  Altitude. 

Fifthly,  Take  in  you r  Compaffes,  half  the  length  of  the 
Parallel  of  Altitude  S  L,  or  S  M,  and  with  that  diftance 
upon  Q_,  defcribe  the  innermost  Semicircle  ACG. 

Sixthly,  From  the  point  B,  which  is  where  the  Parallel 
of  Declination,  and  the  Parallel  of  Altitude  do  interfeft, 
ereft  the  Perpendicular  B  C,  till  it  touch  the  innermoft 
Semicircle. 

Laftly,  Lay  a  Ruler  from  Q_to  C,  and  it  will  cut  the 
outermoft  Circle  in  E,  fo  fhall  H  E  meafured  upon  the 
Line  of  Chords,  be  72  deg.  52  min.  the  Suns  Azimuth 
from  the  North  part  of  the  Meridian. 

E  Z  (hall  be  17  deg.  8  min.  the  Azimuth  from  Eaft  or 
Weft.  And, 

EO  fhall  be  107  deg.  8  min.  the  Azimuth  from  the 
South  part  of  the  Meridian. 

Having  made  this  fair  Preparative ,  1  will  here  infert  the  two 

fore-mentioned  necejfary  Tables  of  the  Suns  Declination 

and  Latitudes  of  Places  5  and  then  proceed  to  the  Art  of 

Dialling,  the  thing  chiefly  in  this  place  intended. 
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A  fable  of  the  Suns  Declination. 
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Table  of  ike  Suns  Declina  tion* 
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A  I  ABLE  of  the  Names  and  Latitudes 
of  the  Vine  if  al  Cities,  Towns  WIflands 
in  and  about  Great  Brittain  and  Ireland 
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BEdford 

Barwick 

Biiftol 

Buckingham 

• 

Cambridge 

Canterbury 

Carlifle 

Chichefter 

Chefter 

Colchefter 

Derby 

Dorchefter 

Durham 

Excefter 

Gilford 

Gloucefter 

Hartford 

Hereford 

Huntington 

Ipfwich 

Kendal 

La  n  carter 

Leicefter 

Lincoln 

London 

Northampton 

Norwich 

Nottingham 

Oxford 


* 


D. 

52 

55 

51 

52 
52. 

5 1 

55 

50 

53 

51 

52 
50 

54 

50 

51 

51 

52 
52 
52 
54 
54 

52 

53 

51 

52 

52 

53 

5i 


M. 

England. 

8 

Reading 

54 

Salifbury 

27 

Shrew  (bury 

0 

Stafford 

12 

Stamford 

1 7 

Truer  0 

O 

Warwick 

48 

Winchefter 

1 6 

VVorcefter 

58 

York. 

58 

40 

50 

Wales. 

43 

A  Ngiefey 

12 

£  \Barmonth 

53 

Brecknock 

49 

Cardigan 

7 

Carmarthen 

1 9 

Carnarvan 

8 

Denbigh 

2  3 

Flint 

10 

Landaff 

40 

Monmouth 

14 

Montgomery 

32 

Pembroke 

14 

Radnor 

41 

St.  David. 

O 

46. 

D. 

M. 

51 

28 

5i 

4 

52 

47 

52 

5  2 

52 

38 

50 

30 

52 

20 

51 

0 

y 

52 

14 

53 

58 

D. 

M. 

23 

28 

52 

50 

52 

1 

52 

12 

5i 

53 

1 6 

53 

53 

17 

5* 

35 

51 

51 

51 

$6. 

5i 

4  6 

52 

19 

52 

0 

Ijlands. 

G  Armey 
Jerfey 
Limdy 
Man 

Portland 

Wight 


Scotland. 

ABerdean 
Dunblain 
Dunkel 
Edenburgh 
Glafcow 
Kinfaile 


Orkney 
St.  Andrews 
Skyraffin 
Sterling. 


D. 

49 

49 
51 
54 

50 
50 


D. 

57 

56 

56 

55 

55 

57 

60 

56 

58 


C  29  ) 


M. 
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MMS 


The  A  R  T  of 


Geometrically  performed  .. 

By  Projeding  of  the  Circles  of  the  Sphere 

upon  the  Plain  it  jfelf. 


The  Firfi  Part, 


chap.  1. 

» 

Of  the  fever  al  forts  of  Plains  upon  which  DIALS  are 

ujuallji  made. 

DIALS  may  be  made  upon  any  plain  Superfi¬ 
cies,  and  all  plain  Superficies  are  pofited  in  one 
or  other  of  thele  three  pofitions,  viz.  either 
Parallel ,  Perpendicular ,  or  Oblique  to  the  Hori¬ 
zon  of  the  Place  wherein  the  Plain  is  feated,  and  all  the 
Hour-lines  drawn  upon  any  Plain,  are  great  Circles  of  the 
Sphere,  which  being  proje&ed  upon  a  plain  Superficies, 
become  ftrait  Lines* 


/ 


Now 
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Now  the  Art  of  Dialling  confifteth  chiefly  in  the  finding 
out  of  thefe  Lines,  and  their  true  diftances  each  from  other, 
the  which  do  continually  vary,  according  as  the  Plains  up¬ 
on  which  they  are  defcribed  or  projected,  are  fcituated  in 
refped  of  the  Horizon  of  the  place. 


Of  thefe 
Plains 
there  are  j 
but  three  ] 
Varieties, 
viz. 


\  • 

1.  Parallel  to  the  Horizon  ,  as  is  Horizontal  the 

which  I  call  Vertical )  Plain  only. 

5  North  &  South 

!  to  the  Horizon,  (.  be 
and  fuch  are  alii  either 
ereft  Plains :  J 


As 


l 


3.  Reclining’1 
from  the 

Zenith,  or  ■  and  thefe  ] 
Inclining  are  either  j 

to  the  Ro- 


Eajl  cl  Weft.- 
Or  Declining. 

North 

Dir  eft  outh  C  Reclining 

Eajl  Q  Inclining 
Weft 


nzon. 


Declining’ 


Or 

Reclining 

•Inclining 


Now  in  the  making  of  particular  Dials ,  which  are  in 
number  25,  I  reduce  them  to  17,  by  fupplying  the  Incli¬ 
ning  Plains  from  their  opposite  Recliners,  as  being  indeed 
the  fame. 

And  to  avoid  miftakes,  which  may  pofliblyarife  by  com¬ 
paring  my  Examples  with  other  Authors,  or  others  with  mine. 
You  are  to  take  notice,  that  I  denominate  all  my  Plains  from 
the  fight  (or  the  Politicos)  of  their  Axis  in  the  Heavens,, 
and  not  from  the  Circles  of  the  Sphere  in  which  they  !ie0 
Therefore  tal$;e  notice,  That 


Thefe. 
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r  Horizontal!  "i 
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H 


Meridian 


Equinoftial 


f  Vertical 

North!  ^  q 
South/ Dircft 


'Vertex  or  Zenith  Point 
South  y  Po’Rts  che  tiori\on 
H  ealK  Direft  >  <i  j>  Points  of  the  Horizon 


J  Ea 


Becanfe 
their 
Poles 


Polar. 


in  the 


j 

L 


Polar 

Equinoftial 


Voles  of  the  World. 


Again, 


All  leaning  Plains  whether  Dired  or  Declining,  whole  up¬ 
per  Faces  behold  the  Zenith ,  I  call  j Reclinersj  and  the  nether, 
or  under  Faces  of  them,  which  refpcd,  or  look  down  to  the 
Nadir ,  I  cal)  Incliners. 

This  diftindion  being  made,  the  Plains  of  all  which 
Examples  following  are  thus  denominated. 

1 .  Vertical  or  Horizontal. 

2.  South  and  North  Dired. 

3.  Eaji  and  Weft  Dired. 

CEajl 

а.  South  and  North ,  declinings  Or, 

Weft 

r  Reclining 

5.  Eaft  and  Weft  Dired.?  Or, 

(J  Inclining. 

б.  Equinoctial,  Or  South  Reclining  or  Inclining  to  the  Pole. 

78‘  {South  dired  Reclining  or  Inclining^J^j!  than  the  Pole. 

9.  Polar,  Or  AMrReclining  or  Inclining  to  the  Equinoctial. 

fni,T  ,  ~  .  r  .  dels  7  than  the  Equi- 

d\Nor,h  d,re^  Eteclimngor  Inclining  ^  morG\myja[t 

12.  Equinoctial,  Or  South  Declining  Eaft  or  Weft  Reclining  to 
the  Pole.  '  13.  South 
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E3.1  South  declining  Eaft  or  Weft  fabovel  , 

14. i  Reclining  or  Inclining  1underj-£he  ^ 

15.  Polar  or  North  declining  Eaft  or  Weft,  Reclining  or 
Inclining  to  the  Equator; 

1  ^'^North  declining  Eaft  or  Weft 
t  ^  Reclining  or  Inclining 

Thus  are  the  (everal  Plains  denominated,  I  ftiall  now 
(hew  how  the  Situation  of  any  Plain  may  be  attained,  ei¬ 
ther  in  refpeft  of  its  Declination  or  Reclination. 


abovepthe  Interfe&ion 
>of  the  Meridian 
underSand  Equator. 


CHAP.  1 1. 


Hove  to  find  the  Reclination  and  Declination  of  any  Plain . 


I.  For  the  Reclination. 

THe  Reclination  of  a  Plain,  is  the  Arch  of  that  Vertical 
Circle  or  Azimuth,  which  is  perpendicular  to  the 
Reclining  Plain,  or  that  Azimuth,  in  which  the  Pole  of 
the  Reclining  Plain  lieth,  comprehended  between  the  Ze¬ 
nith  of  the  place,  and  the  Reclining  Plain. 


To  find  which, 
let  A  BCD  be  a 
Reclining  Plain, 
draw  firft  there¬ 
on  by  help  of  a 
Ruler  and  Qua¬ 
drant,  a  lineG  H 
parallel  to  the 
Horizon  of  the 
place,  which  (hall 
be  the  Horizon¬ 
tal  Line  of  the 
Plain ,  and  crofs 
it  at  right  Angles 
with  another 
right  line  K  S, 
for  the  Vertical 

Line 
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Line  of  the  Plain  j  to  this  Vertical  Line  K  S,  apply  a  {height 
Ruler  K  I,  and  to  that  end  of  it,  which  lie th  clear  of  the 
Plain  as  I,  apply  a  Quadrant  as  O  L I  j  having  a  thread  and 
plummet  hanging  from  the  Centre  at  I,  then  fee  what  num¬ 
ber  of  degrees  of  the  Quadrant  are  contained  between  Q 
andL,  for  Co  much  doth  the  Plain  Recline  from  the  Zenith . 


I  I.  For  the  Declination. 

The  Declination  of  a  Plain,  is  an  Arch  of  the  Horizon 
comprehended  between  the  Pole  of  the  Plain ,  and  the  Me¬ 
ridian  of  the  Place.  Or  it  is  the  diflance  of  the  Plain  it 
from  the  prime  Vertical  Circle ,  or  Azimuth  of  Eaft  and  ■ 

To  find  out  the  Declination  of  any  Plain,  there  are  re¬ 
quired  two  Oblervations  to  be  made  by  the  Sun  at  the 
fame  inftant  of  time.  The  firft  of  the  Horizontal  diflance 
of  the  Sun  from  the  Pole  of  the  Plain ,  and  Secondly,  Of 
the  Suns  Altitude. 

1.  To  find  the  Suns  Horizontal  difiance  from  the  Pole  of 

the  Plain .  Apply  one  edge  of  a  Quadrant  to  the  Hori¬ 
zontal  line  of  your  Plain,  fb  that  the  other  may  be  per¬ 
pendicular  to  it,  and  the  limb  of  the  Quadrant  may  be  to¬ 
wards  the  Sun,  and  hold  the  whole  Quadrant  Horizontal 
(as  near  as  you  can  conjesfture.)  Then  holding  up  a  thread 
and  plummet  at  full  liberty,  fb  that  the  ftiadow  of  the 
thread  may  pafs  both  through  the  Centre  and  Limb  of 
the  Quadrant,  obferve  then  the  degrees  cut  by  thethadow 
of  the  Thread,  and  number  them  from  that  fide  of  the 
Quadrant  that  ftandeth  fquare  or  perpendicular  to  the 
Plain:  For  thole  degrees  are  the  Horizontal  diflance  requi¬ 
red.  . 

2.  This  Horizontal  d fiance  and  the  Suns  Altitude  being 

obierved  at  the  fame  time  (as  near  as  may  be)  will  help 
you  to  the  Plains  Declination  by  the  Rules  following. 

Firft,  By  having  the  Altitude,  you  may  find  the  Azi¬ 
muths 
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muth  by  the  two  Lift  Problems  of  the  Introduction.  Then 
by  comparing  the  Azimuth  and  this  Diftance  together, you 
may  find  the  Plains  Declination  in  this  manner. 

When  you  make  your  Gbfervations  of  the  Suns  Hori¬ 
zontal  diftance,  mark  whether  the  fhadow  of  the  thread 
fall  between  the  South ,  and  that  fide  of  the  Quadrant 

which  is  perpendicular  to  the  plain. 

1.  If  the  fhadow  fall  between  them,  the  Azimuth  and 
Diftance  added  together,  do  make  the  Declination  of  the 
Plain ,  and  in  this  cafe  the  Declination  is  upon  thefame  coaft 
whereon  the  Suns  Azimuth  is. 

2.  If  the  fhadow  fell  not  between  them,  then  the  diffe¬ 
rence  between  the  diftance  and  Azimuth  is  the  Plains  de¬ 
clination  ,  and  if  the  Azimuth  be  the  greater  of  the  two, 
then  the  Plain  declines  to  the  fame  Coaft  whereon  the 
Sun  is$  but  if  the  diftance  be  the  greater,  then  the  Plain  de¬ 
clines  tojthe  contrary  Coaft. 

And  here  note,  that  the  Declination  thus  found  is  al¬ 
ways  accounted  from  the  South,  and  that  ail  Declinations 
are  counted  From  either  South  or  North, towards  either  Eajt 
or  Weft,  and  muft  never  exceed  90  degrees. 

1.  If  therefore  the  degrees  of  declination  do  exceed  90, 
you  muft  take  the  refid ue  of  that  number  to  1 80,  and  that 
{hall  be  the  Plains  declination  from  the  North. 

2.  If  the  degrees  of  declination  exceed  180,  then  the  ex¬ 
cels  above  1 80  degr.  gives  the  Plains  declination  from  the 
North  towards  that  Coaft,  which  is  contrary  to  the  Coaft 
whereon  the  Sun  is. 
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I.  Of  the  Vertical  Dialling, 1 

CHAP.  III. 

*  v 

How  to  draw  the  Hour -lines  upon  a  Vertical  (commonly  called 
Horizontal)  Plain. 

I  Call  this  Plain  Vertical t  becaule  the  Pole  thereof  is  in  the 
Zenith  or  Vertex  of  the  Place,  although  the  Plain  it  lelf 
lie  in  the  Plain  of  the  Horizontal  Circle.  And  I  not  only  de¬ 
nominate  this,  but  all  the  other  Plains  following,  by  that 
part  of  the  Sphere  in  which  the  Poles  and  not  the  Plains 
themfelves  lie.  But  howfoever  the  Plain  be  termed,  whe¬ 
ther  Vertical  or  Horizontal ,  the  making  of  the  Dial  is  ftill 
the  lame  :  And  may  be  made  in  any  known  Latitude  by 
the  precepts  following.  *’ 

Example ,  Of  a  Vertical  or  Horizontal  Plain  in  the  Lati¬ 
tude  of  London,  which  is  5 1  deg.  32  min. 

Firft,  Draw  a  Circle  ESWN,  which  Circle  let  repre- 
fent  your  Vertical  Plain ,  crofs  it  in  the  middle  thereof  at 
right  Angles  with  the  two  Diameters,  viz.  S  Q_N,  for  the 
Meridian,  and  Hour-line  of  12,  and  E  Q_W  for  the  Prime 
Vertical  or  Hour-line  of  6. 

Secondly,  Recaufe  the  Latitude  of  the  place  is  51  deg.. 
32  min.  take  51  deg.  3  2.  min.  out  of  your  Line  of  Chords, 
and  fet  that  diftance  from  S  to  a,  and  from  W  to  b. 

Thirdly,  Lay  a  Ruler  from  E  to  ai  and  it  will  cut  the 
Meridian  Line  S  N  ,  in  the  point  P,  which  point  P  is  the 
Polo  of  the  World :  And  a  Roller  laid  from  E  to  b,  will  cut 
the  Meridian  in  the  point  fo  is  JE  the  point  where  the 
iEquino&ial  croffeth  the  Meridian  5  and  thus  have  you 

three  points,  viz.  E,  JE}  and  through  which  you  muft 

*  '  dr%W' 


3  7 
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A  Vertical  or  Horizontal  Dial  for  the  Latitude  oj 
London,  5 1  deg.  3  2  »/». 


C 

♦ 


draw  the  iEquino&ial  Circle  E  R,  W,  whole  centre  will 
always  be  in  the  Meridian' Line  S  N.  So  that  you  may  ea- 
lily  find  it,  as  hath  been  before  taught,  and  in  this  man- 
net  alfo.  Draw  the  Lire  JE  W,  which  divide  in  two  equal 
parts  in  the  point  A,  upon  which  poi»  t  A,  raile  the  per¬ 
pendicular  A  C,  cutting  the  Meridian  S  N,  in  the  point  C, 
which  is  the  centre  of  the  iEquinodial  Circle  EiEW,  up¬ 
on  which  point,  and  the  diftance  C  M,  you  may  deferibe  it 

Fourthly* 
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Fourthly,  Divide  the  Semicircle  E  N  W,  into  12  equal 
parts  at  the  points©  ©  Q.&c.  beginuingat  the  point  N, and 
letting  fix  on  either  fide  thereof!  The  Semicircle  may  ea- 
fily  be  divided  into  12  parts  in  this  manner  5  for  60  deg. 
of  the  Line  of  Chords  will  divide  it  into  three  equal  parts, 
and  30  deg.  will  divide  each  of  them  into  two,  that  is,  in¬ 
to  6  equal  parts,  and  15  deg.  is  the  half  thereof,  which  is 
a  twelfth  part  of  the  Semicircle. 

Fifthly,  Lay  a  Ruler  to  Q_,the  centre  of  the  Plain,  and 
upon  every  of  thefe  points  ©  ©  ©,  and  the  Purler  will 
cut  the  iEquinodial  E  JE  W,  in  the  points  *  *  *,  &c.  di¬ 
viding  that  into  12  unequal  parts. 

Sixthly,  A  Ruler  laid  to  P,  the  Pole  of  the  World  and 
the  feveral  points  **  *,  &c.  upon  the  iEquinoftial,  will 
cut  the  Circle  reprefenting  the  plain  in  the  points  J }  ft  Sec. 
dividing  the  Semicircle  ENW,  into  12  other  unequal 
parts. 

Laftly,  From  the  point  Q_,  and  through  the  feveral 
points  1]  ft  &c.  draw  ftraight  Lines, as  Q_j  7, QJ 8,Qj p}8tc. 
they  (hall  all  be  the  true  Hour-lines  for  fuch  a  Vertical  or 
Horizontal  Plain.  Namely  .for  twelve  of  them,  that  is,  from 
Six  in  the  Morning,  till  Sill  Six  at  Night. 

But  for  the  Hours  before,  and  after  Six,  that  is,  for  4 
and  5  in  the  Morning,  and  for  7  and  8  at  Night,  they  are 
to  be  drawn  by  extending  the  Hour-line  of  7  and  8  in  the 
Morning  through  the  centre  Q_,  and  drawing  them  on  the 
other  fide  of  the  Plain,  fo  (hall  they  be  the  Hours  of  7  and 
8  at  Night : - Allb  the  Hour-lines  of'4 and  5  in  the  Eve¬ 

ning,  being  drawn  through  the  centre  will  become  the 
Hour-lines  of  4  and  5  in  the  Morning. 

For  the  Stile  of  this  Dial,  take  51  deg.  32  min.  the  La¬ 
titude  of  your  place,  out  of  your  Line  of  Chords,  and  fet 
them  from  N  to  e,  upon  the  Circle  of  the  Plain,  fo  (hall  a 
Line  drawn  from  Qjhrough  e,  be  the  Axis  or  Stile  of  the 
Dial *  which  may  be  a  thin  plate  of  Brafs,  cut  exa&ly  to 
the  quantity  of  the  Angle  e  Q_N.  5 1  deg.  32  min.  and  fet 

per- 
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perpendicularly  upon  the  Line  of  12,  or  the  Meridian 
S  Q_N,  and  thus  is  your  Dial  finilhed. 

If  into  this,  or  any  of  the  following  Dials,  you  have  a 
defire  to  inlert  the  Half  Hours  and  Quarters,  you  may  put 
them  in  by  thevery  fame  means,as  you  did  the  who'e  Hours, 
but  then  you  muft  divide  the  Spaces  between  every  of  the 
points  OO  into  two  equal  parts  for  the  Half,  and  into  40* 
qual  parts  for  the  Quarters  of  Hours,  and  proceed  with 
putting  on  of  them  in  all  relpeds  as  you  did  with  the  whole 
Hours.  ' 


I  L  Of  ZJ fright  or  EreB  Flams, 

CHAP.  IV. 

/ 

Tnofe  Plains  are  faid  to  be  Erett  or  Upright,  which 
hand  perpendicular  to  the  Horizon  of  the  place, 
whofe  Vertex  or  upper,  part  tendeth  to  the  Zenith and 
their  lower  part  to  the  Nadir,  and  fuch  are  the  Walls  of 
Steeples,  Churches,  Houles,  or  the  like,  again!!:  which  (for 
the  moft  part)  Dials  are  made. 

Of  thefe  Upright  or  Erect  Plains  there  are  two  forts,  viz. 
Direct  arid  Declining. 

Thofe  Ered  or  Upright  Plains  are  laid  to  be  Dired, 
■which  do  di redly  behold  either  the  true  Eaft^Weft,  North* 
or  South  points  of  the  Horizon ,  or  whofe  Poles  do  lie  di- 

red!}’  in  either  of  them,  and  thefe  Plains  are  called  EreB 
Dirett  Plains. 

Thofe  Erect  or  Upright  Plains  are  faid  to  decline,  which 
do  not  lie  in,  or  di  redly  behold  any  of  thefe  points,  but 
are  fituate  under  tome  other  Azimuth ,  as  South-Eajl,  North - 
Wcp,  North-Eafi ,  &c.  and  thefe  Plains  are  called  Erect  or 
Upright  Declining  Plains.  Of  both  which  forts  I  fhall  give 
you  Examples.  And,  55 

L  Of 
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I.  OfZJprigbty  or  EreB  DireB  Thins. 


CHAR  V. 

How  to  draw  the  Hour-lines  upon  a  Dire#  South  Plain. 

THat  Plain  is  called,  by  me,  a  DireB  South  Plain,  which 
lieth  in  the  prime  Vertical  Circle,  or  Eaft  and  Weft 
Azimuth,  and  whole  Pole  is  in  the  South  part  of  the  Meri¬ 
dian,  the  making  whereof  differeth  nothing  from  that  go¬ 
ing  before.  Only  for  the  height  of  the  Stile,  inftead  of  the 
Latitude  you  muft  take  the  Complement  thereof 


Example,  Of  a  Dire<ft  South  Plain,  in  the  Latitude 

of  London,  5 1  deg.  32  min. 

Fir  ft.  Draw  a  Circle  Z  E  W  N,  reprefenting  an  upright 
Direft  South  Plain,  crofs  it  at  right  Angles  with  the  Dia¬ 
meters  Z  Q_N  for  the  Meridian,  or  Hour-line  of  1 2 ,  and 
WQ_E  for  the  prime  Vertical  Circle,  or  Hour-line  of  Six. 

Secondly,  Out  of  your  Line  of  Chords  take  3  8  deg.  28 
min.  ( which  is  the  complement  of  the  Latitude  of  the  place) 
and  fet  that  diftance  upon  the  Dial-plain,  from  Z  to  a,  and 
from  E  to  h,  and  from  N  to  e. 

Thirdly,  Lay  a  Ruler  from  W  to<*,  it  will  cut  the  Meri¬ 
dian  Z  N,  in  the  point  P,  the  Pole  of  the  World}  and  a  Ruler 
alfo  laid  from  W  to  b  will  cut  the  Meridian  in  IE,  fo  is  IE 
the  point  through  which  the  Aiquino&ial  muft  pafs;  and 
for  the  drawing  of  it  you  have  three  points  given,  viz. 
E,  As,  and  W,  and  the  Centre  will  alwayes  be  in  the  Me¬ 
ridian  Line  Z  N,  (extended  if  need  be.)  The  Centre  you 
may  find  by  the  Geometrical  way  taught  at  the  begin¬ 
ning  of  the  Book.  Or  thus,  draw  the  Line  E  JE,  and  divide 
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An  EreB  DmB  South  Plain . 


it  in  two  equal  parts  m  A,  upon  A  ere&  the  peroendicula 
AC  extending  ,t  till  that  and  the  Meridian  Une^oS  i 
j  fo  is  G  the  centre  of  the  diquino&ial  Circle  E  M  W. 

G  •  •  ’  Fourth^ 


Fourthly,  Divide  the  Semicrcle  E  N  W  into  12  equal 
parts,  at  the  points  ©  ©  ©,  <&c. 

Fifthly,  lay  a  Ruler  to  an^  each  of  thefe  points 
©  ©  ©,  and  the  Ruler  will  crofs  the  iEquino&ial  Circle 
in  the  points  *  *  *,  &c.  dividing  that  into  1 2  unequal 
parts. 

Sixthly,  Lay  a  Ruler  to  P,  (  the  Pole  of  the  World) 
and  every  of  the  marks  **  *,  &c.  and  the  Ruler  will 
crofs  the  circle  of  the  Plain  in  the  points  f  \  J ,  &e. 

Laftly,  If  through  the  Centre  Q_,  and  the  refpetftive 
points  Ilf,  &c.  You  draw  Right  Lines,  they  fhall  be  the 
true  Hour  Lines  of  an  EreB  DireB  South  Plain. 

For  the  Stile,  take  §8  deg.  28  min.  the  complement  of 
the  Latitude  of  your  Place,  out  of  the  Line  of  ' Chords, 
and  let  them  from  N  to  e,  drawing  the  Line  Qj  for  the 
Axis  of  the  Stile,  which  muft  hang  direftly  over  the  Me¬ 
ridian,  or  Hour-line  of  12,  and  muft  point  downwards 
towards  the  South  Pole,  becaule  the  Plain  beholds  the 
South  part  of  the  Meridian. 

In  making  this  Dial  you  have  made  two  Dials,  for  the 
EreB  DireB  North  Dial  is  but  the  back- fide  of  the  South, 
it  lying  in  the  fame  Prime  Vertical  Circle,  only  as  this  be- 
holdeth  the  South  part  of  the  Meridian, and  hath  the  South 
Pole  elevated  above  it,  the  other  beholdeth  the  North 
part  of  the  Meridian,  and  hath  the  North  Pole  elevated 
above  it,  and  as  the  Meridian  Line  Z  Q_N  in  the  South 
Dial  reprefenteth  the  12  a  Clock  Hour-line  at  Noon,  the 
back-fide  thereof  (namely  the  North  fide)  reprefenteth- 
the  Hour-line  of  12  at  Midnight,  and  therefore  is  not  ex- 
prefled,  neither  the  Hour-lines  of  9,  to,  n  at  Night,  or 
of  1,  2,  3  in  the  Morning,  the  Sun  to  us  never  being  above 
the  Horizon  at  thofe  Hours :  wherefore  the  North  Dial  is 
only  capable  of  receiving  thefe  Hours,  namely,  45  5,  6,  y 
and  8  in  the  Morning,  and  of  4,  5,  6,  7,  and  8  at  Night, 
and  (in  this  Latitude)  not  of  all  them  neither  3  for  it  will 
never  fhine  upon  this  Plain  at  8  in  the  Morning,  nor  at 


m 
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An  Ere  ft  Direft  North  Plain . 


CHAP.  VI. 


Hovp  to  draw  the  Hour-lines  upon  an  Ere<ft,  Direct,  Eaft2 

or  Weft  Plain. 


I  Call  that  an  Eafi  or  Wefi  Plain ,  which  lies  in  the  Me¬ 
ridian  of  the  place,  and  whofe  Poles  He  in  the  prime 
Vertical  Circle,  or  Azimuth  of  Eafi  or  Wefi. 

Now  forafmuch  as  the  Plain  lieth  in  the  very  Meridian 
Circle,  in  which  alfo  the  two  Poles  of  the  World  are 

G  2  fcated. 


4  in  the  Afternoon,  but  it  is  beft  to  put  them  on,  as  in 
the  Figure  above,  that  thereby  you  may  know  how  much 
it  is  paft  7  in  the  Morning,  and  how  much  it  wants  of  5  in 
the  Afternoon.  - 
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leated,  the  Plain  tnuft  necefiarily  pals  through  both  thefe 
Poles, and  lb  neither  of  them  can  have  any  Elevation  above 
it ;  wherefore  the  Hour-lines  in  thefe  Dials  mull:  be  paral¬ 
lel  to  one  another,  and  confequently  parallel  to  the  Axis 
of  the  World.  And  the  Dial  muft  have  no  Centre.*  How¬ 
ever  the  Dial  may  be  drawn  as  folioweth. 


Example,  Of  an  Eaft  Direft  Dial,  in  the  Latitude 

of  London  5 1  deg.  3  2  min. 

Let  A  BCD,  be  a  Dial  plain,  upon  which  you  would 
draw  a  DireU  Eajl  Dial ,  upon  the  point  D,  if  it  be  an  Eaft 
Dial,  or  upon  the  point  C,  if  it  be  a  Weft  Dial  5  with  the 

An  EreB ,  DireU,  Eajl  Dial. 
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38  deg.  28  m.  the  Complement  of  the  latitude  of  the  place, 
("which  is  alfo  the  height  or  elevation  of  the  iEquino&ial) 
and  fet  them  from  E  to  F,  aid  draw  the  line  D  F  quite 
through  the  Plain.  Then,  that  you  may  proportion  your 
ftile  to  your  Plain,  fb  that  you  may  bring  or*  all  the  hours 
from  Sun  Riling  to  n  a  Clock,  a  flume  two  points  in  the 
Line  F  D,  one  towards  the  end  D  (as  the  point  G)  for  the 
Hour-line  ofi  1,  and  another  at  H,  for  the  Hour-line  of 6, 
and  through  the  points  G  and  H,  draw  the  lines  1 1  G  n, 
and  6  H  6,  perpendicular  to  the  fEquino&ial  Line  D  F. 
This  done,  upon  the  point  G,  with  60  deg.  of  the  Line 
of  Chords,  defcribe  an  obfcure  Arch  of  a  Circle  I  K,  and 
let  thereon  15  deg.  of  your  Line  of  Chords  from  I  to  K, 
and  draw  the  Line  G  K,to  cut  the  Line  6  H  6  in  the  point  L. 
fo  fhall  L  H  be  the  height  of  the  perpendicular  (tile  pro¬ 
portioned  to  this  Plain. 

Now  for  the  drawing  of  the  Hour-lines,  fet  one  foot  of 
the  Compafies  (opened  to  60  deg.  of  the  Chord)  in  L,and 
with  the  other  defcribe  the  Arch  of  a  Circle  M  N,  betwixt 
the  Hour-line  of  6,  and  the  Line  G  L.  Which  divide  into 
5  equal  parts  in  the  points  ©  ©  ©  ©  ©,and  a  Ruler  laid 
from  the  point  L  to  each  of  thefe  points  ©  ®  ©,  &c.  will 
cut  the  fEquino&ial  Line  H  D,  in  the  points  *  *  *  *  * 
through  which  points  draw  lines  parallel  to  6  H  6,  as  the 
Lines  7*7,  8*8,  &c.  and  they  fhall  be  the  true  Hour¬ 
lines  of  an  Eaft  Plain  from  6,  in  the  Morning,  till  u  be¬ 
fore  noon,  but  for  the  Hours  of 4  and.  5  in  the  Morning, 
you  may  put  them  on  by  fetting  the  fame  di dances  noon 
the  fEquino&ial  Line  before  6,  as  there  is  from  6  to  7  and 
8,  after  6  and  through  thofe  points  draw  the  Hour-lines 

of  4  and  5,  parallel  to  the  Hour  of  6,  as  you  fee  done  in 
the  Figure. 

Thus  is  your  Dial  uimned,  and  in  the  maktng  of'it  you 
have  made  two  Dials,  namely  a  Weft  Dial  as  wS  as  an 
»or  it  is  the  fame  in  ail  refpecis.  Only  whereas  the 
Arch  E.Fj  through  which  the  iEquinoftiai  paffeth  in  the 

•  .  Eaft 
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Eaft  Dial,  was  drawn  on  the  right  hand  of  the  Plain,  in 
the  Weft  it  muft  be  drawn  on  the  left  hand, and  the  Hour¬ 
lines  of  4,  5,  6,  7,  8,  9,  io,  and  n,  in  the  Forenoon  on 
the  Eaft  Dial,  muft  be  8,  7,  6,  5,  4,  3,  2  and  1  in  the  Af¬ 
ternoon,  upon  the  Weft  Dial,  as  in  the  Figure  appeareth. 


An  Ere&,  DmU ,  Weft  Dial. 


The  Stile  of  the  Eaft  or  Weft  Dials,  may  be  either  a 
ftrait  Pin  of  the  juft  length  of  the  Line  H  O,  which  is 
equal  to  H  L  in  the  Eaft  Dial,  fixed  in  the  point  H,  upon 
the  Hour-line  of  6,  and  exa&ly  perpendicular  to  the  Plain, 
(hewing  the  Hours  by  the  ftiadow  of  the  Apex,  or  very 
top  thereof 

Or,  it  may  be  a  Plate  of  Brafs  of  the  fame  breadth  with 
the  diftance  between  the  Hour-lines  of  6  and  3,  which 
Plate  muft  be  let  perpendicular  upon  the  Hour-line  of  Six, 
end  fo  it  will  fhew  the  Hour  by  the  fhadow  of  the  upper 
edge  thereof,  as  in  this  Weft  Dial. 

Thefe  five  Dials  here  defcribed,  viz.  the  Vertical ,  the 
South,  North ,  Eaft,  and  Weft  Ered,  Dired,may  be  made  up¬ 
on  a  ftone  cut  fquarein  form  of  a  Die>  which  Body  is  called 
a  Cube.  •  Of 
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I  L  Of  ZJ^right  Declining  Vlnins, 

CHAP.  VII. 

How  to  draw  the  Hour -lines  upon  a  South  or  North  Ered 
Plain,  Declining  either  Eaft  or  Weft. 

THe  Upright  or  Ered  Plains,  that  we  have  hitherto 
treated  of,  are  fuch  as  did  di redly  behold  the  four 
Cardinal  or  Principal  Points  of  the  Horizon  5  namely,  the 
Eaft,  Weft,  North  and  South  Points.  All  other  Upright 
Plains  are  (aid  to  decline ,  and  their  Declination  is  counted 
from  theEaft  or  Weft,  towards  either  North  or  South, and 
theft;  Plains  are  called  South  or  North  Ered  Plains  decli¬ 
ning  Eaft  or  Weft. 

Before  the  Hour  lines  can  be  drawn  upon  any  of  theft; 
Plains,  two  things  mud  be  given,  and  three  other  things 
muft  be  found - - 

The  Things  given  muft  he , 

1.  The  Latitude  of  the  Place. 

2.  The  Declination  of  the  Plain. 

The  Things  required  are , 

1.  The  height  of  the  Pole  (or  Stile')  above  the  Plain. 

2.  The  diftance  of  the  Sujlile  from  the  Meridian ,  or  1 3 
a  Clock  Hour-line. 

3.  f  he  Plains  Difference  of  Longitude. 

For  the  finding  of  thefe,  we  muft  projed  upon  the 
Plain  fuch  Circles  of  the  Sphere  (in  their  true  positions ) 
as  are  requifite  for  the  finding  of  them,  and  thofe  Circles 
are,  Pie  Horizon ,  the  Meridian ,  and  the  JEquinohSiah 
which  I  ihalKhew  how  to  perform  by  giving  an 

Examph 


i 
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Example  of  a  South  Ered  Plain  ^declining  Weftward  24  deg, 
20  min.  in  the  Latitude  of  London  5 1  deg.  32  min. 


Latitude  of  the  Place 


d.  m. 

|\  |  uamuue  v/t  utv  a  5  ^  3  ^ 

a  ^Declination  South  Weft  24  20 

d.  m, 

rDiftance  of  the  Subftile  from  the  Merid.  18  8 
Quxlita<  Height  of  the  Pole(or  Stile)above  the  Plain  34  33 
^Plains difference  of  Longitude  30  00 

To  find  which , 


Firfi ,  Delcribe  the  Circle  ZHNO,  reprefentsng  the 
declining  Plain,  crofs  it  at  right  Angles,  with  the  two 
Diameters  Z  Q_N,  and  H  Q.O,  the  point  Z  reprefenting 
the  Zenith ,  and  N  the  Nadir ,  and  the  line  ZQ_N,  the 
Vertical  or  perpendicular-line  of  the  Plain  (and  Hour-line 
of  1 2  )  and  the  Line  H  Q^O,  is  the  Horizontal  Line 

thereof. 

Secondly ,  Becaufe  the  Plain  declines  24  deg.  20  min. 
from  the  South  Weftward,  fet  24 deg.  20  min.  fromN  to  a, 
and  from  O  to  c.  Then  lay  a  Ruler  from  Z  to  a,  and  it 
will  cut  the  Horizontal  Line  H  (L  tn  S,  lo  is  S  the 
South  point  of  the  Horizon,  through  which  the  Meri¬ 
dian  muft  be  drawn  ,  and  for  the  drawing  of  it  you 
have  three  points,  viz.  Z  S  and  N,  and  the  Centre  will 
always  be  in  the  Horizontal  Line  H  Q_  O,  extended  if 
need  be.  Which  Centre  may  be  found  Geometrically , 
as  is  formerly  taught,  or  thus  ;  Draw  the  right  Line 
Z  S  which  divide  in  two  equal  parts  in  O,  anti  upon  O 
ereft  the  Perpendicular  O  G,  extending  it,  till  that  and 
the  Horizontal  Line  do  interfed  5  for  the  point  of  inter¬ 
feron  (hall  be  the  Centre  of  the  Meridian.  Then  lay  a 
Ruler  from  Z  to  c,  and  it  will  cut  the  Horizon  in  W,  the 
Weft  point  thereof. 
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Jbi  Upright  Plain  Declining  from  the  South  Weft 

ward  24  deg.  20  min* 


y>. 

t. 


Thirdly,  Having  drawn  the  Meridian  and  the  Horizon , 
take  51  deg.  32  min.  out  of  your  Line  of  Chords,  and  fet 
them  upon  your  Plain,  from  H  to  B,  and  from  N  to  d. 

Fourthly,  Lay  a  Ruler  upon  W,  the  Weft  point  of  the 
Horizon,  (which  is  a  Kb  the  Pole  of  the  Meridian")  to  b, 
and  it  will  cut  the  Meridian  in  the  point  P,  fo  ftiall  P  be 
the  Pole  of  the  World,  through  which  point  P,  and  Q,(the 
Pole  of  the  PlainJ  draw  the  ftraight  Line  B  P  Q_D,  repre- 
fenting  the  Axis  of  the  World,  and  the  Subftilar  Line  of 
the  Dial.  ** 

Fifthly,  Lay  a  Ruler  from  W  to  d,  and  it  will  crofs  the 
Meridian  in  the  point  ft)  is  iE  one  point  in  the  Meri¬ 
dian,  through  which  the  Equinoftial  muft  pals :  And  the 
point  W  in  the  Horizon  is  another.  So  have  you  two  points 
within  the  Circle,  by  which  to  draw  the  iEquino&ial 
which  you  may  do  Geometrically,  as  is  before  taught.  Or 
you  may  find  it  thus,  the  Centre  of  the  iEquino&ial  will 
always  be  in  the  Axis  of  the  World,  and  therefore  in  the 
LineBPQjD.  Now  to  find  the  point,  draw  the  Line  JE 
W,  which  divide  in  two  equal  parts  in  the  point  n,  upon  n 
eredt  a  perpendicular,  till.it  cut  the  Axis  of  the  World, ex¬ 
tended  in  m.  So  is  m  the  Centre  of  the  iEquino&ial,  up¬ 
on  which  point  you  may  defcribe  it.  And  thus  have  you 
drawn  upon  your  Plain  all  the  three  Circles  required,  viz. 
the  Horizon ,  Meridian,  and  th eJFquinoffial ;  by  which  may 
be  found  the  three  Requifites  belonging  to  this  Plain. 
For, 

1 .  To  find  the  height  of  the  Pole  above  the  Plain ,  reprefented 
in  the  Scheme  by  the  the  Line  P  B.  Lay  a  Ruler  to  G, 
yvhere  the  JFquinoffial  cuts  the  Plain,  and  to  P  the 
Pole  of  the  World, the  Ruler  will  cut  the  Plain  on  the 
oppofite  fide  in  the  point  v.  So  the  diftance  from  B 
tov,  meafured  upon  the  Line  of  Chords, will  be  found 
to  contain  34  deg.  33  min.  The  height  of  the  Pole 
above  the  Plain. 

2.  To  find  the  difiance  of  the  Subfile  from  the  Meridian , 

repre- 
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reprefented  in  the  Schemebythe  Arches  Z  B,0rN  D.  Take 
in  your  Compafles  the  distance  ZB,  or  N  D,  and  you 
dial  I  find  either  of  them  equal  to  18  deg.  8  min.  and 
fuch  is  the  difiance  of  the  Subftile  from  the  Me¬ 
ridian.  t  •  r  , . 

To  find  the  Plains  difference  of  Longitude 9  reprejented  in 

the  Scheme  by  the  Angle  M  P  K.  Lay  a  Ruler  fiom  t 
to  iE,  it  will  cut  the  Plain  in  x,  fo  the  diftance  be¬ 
tween  D  and  x,  meafiired  upon  the  Line  of  Chords, 
will  be  30  deg.  And  fuch  is  the  Plains  difference  of 

Longitude.  , 

Lafily ,  Thefe  Requifites being  obtained,  we  come  to  the 

drawing  of  the  Hours  ^»to  effect  which,  lay  a  Ruler  to  P, 
the  Pole  of  the  World,  and  JE,  the  Interfeffion  or  the  Jh~ 
qmno&ial  with  the  Meridian ,  and  it  will  cut  the  Plain  in 
the  point  x,- - At  this  point  x  begin  to  divide  the  Semi¬ 

circle  L x  G,  into  12  equal  parts,  at  the  point  O  ©  ©,  See. 
Then  laying  a  Ruler  to  (W,  and  every  of  thefe  points 
0  ©  ©  &c.  it  will  cut  the  JEquinoffial  Circle,  dividing 

that  into  12  unequal  parts  in  the  points  ****,  8cc — - 

Again,  a  Ruler  laid  to  P,  and  every  of  thefe  unequal  parts 
*  *  *  *,  &c.  will  divide  the  Plain  into  1 2  unequal  parts 
in  the  points]  ]  |  \  &c.  — --  Lay  a  Ruler  to  Q_,  and  eve¬ 
ry  of  thefe  points  .J  }  j ,  &c.  drawing  lines  by  the  fide 
thereof, and  they  (hail  be  the  true  Hour-lines  proper  to  fuch 
a  Declining  Plain.  <. 

Thus  have  you  finifhed  the  Hour-lines,  the  Subftilar- 
line,  (or  the  line  upon  which  the  Stile  mull  ftand)  is  the 
line  QJD,  falling  (in  this  Dial)  juft  upon  the  Hour-line  of 
2  in  the  Afternoon,  becaufe  the  Plain  declined  Weftward. 
The  Angie  of  the  Stile  is  D  QR,  containing  34  deg.  33  m. 
and  muft  be  either  of  Plate  or  Wire  brought  to  fuch  an 
Amgle,  and  muft  ftand  perpendicular  to  the  Plain,  and 
dire&ly  over  the  Subftilar  QJD, 

Now  have  you  finifhed  your  Dial,  and  in  fo  doing  you 
have  in  this  one  made  four  Dials,  viz. 

H  2  A  South 


r * 
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rSouth  declining  Weft  1 
.  }South  declining  Eaft  (  m. 
jNorth  declining  Weft  £*24  20 

£_  North  declining  Eaft  J 

Only  placing  of  the  numbers  of  the  hours  and  the  Stile 
refpeftivelyupon  each  Plain.  For  in  the  South  Weft  Plain, 
which  we  have  now  defcribed,  the  Stile  ftands  upon  the 
hour  of  2  in  the  Afternoon  5  in  the  South  Eaft  declining  as 
much,  it  will  ftand  upon  the  Hour-line  of  10  before-noon. 
And  to  all  the  morning  hours  of  the  Weft-decliner  will  be 
the  Afternoon  hours  of  the  Eaft  decline^  and  the  After¬ 
noon  hours  of  the  Weft  dediner,  will  be  Morning  Hours 


The  Four  Upright  Declining  Dials. 


of 
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of  the  Eaft  decliner :  And  fo  the  South  decliner  will  pro¬ 
duce  the  North  Weft  decliner  3  and  the  South  Weft  dedi¬ 
ner,  the  North  Eaft  decliner,  by  only  extending  the 
Hour-lines,  Stile  and Subftile  quite  through  the  Centre.And 
that  there  my  yet  remain  no  doubt,  I  have  drawn  all  the 
four  Dials  in  one,  by  which  you  may  plainly  fee  that  there 
is  no  difference  between  them,  but  what  hath  been  already 
intimated. 

By  this  Figure  you  may  plainly  fee, how  that  one  Dial  is 
the  Prod uft  of  all  thefe  four,  by  obferving  the  cautions 
before  delivered.  So  that  it  may  feem  foperfluous  to  fay 
any  more  concerning  thefe  upright  declining  Dials.  Only 
before  I  leave  them,  I  will  (becaufe  thefe  Dials  are  molt  in 
ufe)  give  you  one  other  Example  of  art  upright  declining 
Plain,  which  by  reafbn  ofits great  declination  from  the 
Prime  Vertical,  or  its  Poles  great  deviation  from  the  Me- 
ridian,cauieth  the  Pole  to  have  but  fmall  Elevation, where¬ 
fore  the  Dial  (as  all  foch  like)  muft  be  drawn  without  a. 
Centre,  by  the  directions  following. 


CHAP.  VIII. 

1  ,•  '  \  •  ■ '  •  ,*  \ 

/ .  s<  *  .  ;  *  s 

Howto  draw  the  Hour-lines  upon  Vpright  far  Declining 
Plains,  which  by  reafon  of  the  (hi all  Elevation which  the 
Pole  hath  evcrjuch  Plains ,  the  Hours  (if  they  be  drawn  from 
a  Cent  ref  cannot  be  of  any  competent  difiance  one  from  another. 


THofe  Plains  which  lie  near  to  the  Meridian  Circle 
and  whofe  Pole$^confequently)near  the  prime  Ver- 
tical  Circle,  or  Azimuth  cf  Eaft  or  Weft  5  the  Vole  hath 
out  I  mall  Elevation  above  fuch  Plains,  fo  that  the  Hour- 
lines  .  dpccially  thofe  of  them  which  fall  near  to  the  Sub- 
ne)  from  t  e  Centre,  cannot  oe  Jrawn  at  any  competent 
dueance,  without  a  large  extentioa  of  them.  '  To  remedy 
wnicn  inconvenience,  you  may  iraw  thei  Hour-lines  for 
ucii  a  Plain  at  a  convenient  ciiftince,  and  in  a  little  room, 

•  without. 
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without  any  regard  had  to  the  Centre.  But  before  you 
proceed  to  draw  the  Dial,  you  mull  fir  ft  find  the  three 
requisites  mentioned  in  the  laft  Chapter,  viz, 

1.  The  height  of  the  Pole  above  the  Plain. 

2.  The  dijlance  of  the  Subfile  from  the  Meridian. 

3.  The  Plains  difference  of  Longitude. 

Example  of  an  Upright  South  Plain,  declining  Eaftrvard 
80  deg.  in  the  Latitude  of  London  51  deg.  32  min. 


To  find  thefe  Requifitet. 


Fir (l.  Draw  the  Circle  Z  HNO,  crofting  it  with  the 
diameters  Z  N,  the  perpendicular,  and  H  O,  the  Hori¬ 
zontal  Line  of  the  Plain. 


Secondly,  Becaufe  the  Plain  decline*  80  deg.  Eaftwatd, 
let  80  deg.  from  N  to  a,  and  ftom  H  to  k 


Thirdly 
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Thirdly,  Lay  a  Ruler  to  Z  and  a,  it  will  cut  the  Hori¬ 
zon  in  S,  the  South  point  thereof,  and  a  Ruler  laid  to 
Z  and  b,  will  cut  the  Horizon  in  E,  the  Eaft  point  thereof. 

Fourthly,  Having  the  three  points  Z  S  and  N,  through 
them'  draw  the  Meridian  Z  S  N,  whofe  Centre  (by  any  of 
the  ways  before  taught)  will  be  found  to  be  at  m. 

Fifthly,  Out  of  your  Line  of  Chords  take  5 1  deg.  32  m. 
the  Latitude,  and  fet  them  from  Oto  c,  and  from  N  to  d. 
Then  laying  a  Ruler  from  E  to  c,  it  will  cut  the  Meridi¬ 
an  in  P  the  Pole  of  the  World  5  through  which  point  P 
and  Q_,  the  Centre  of  the  Plain,  draw  the  right  line  PQ_B, 
for  the  Axis  of  the  World.  Alfo,  the  Ruler  laid  from  E 
to  d,  will  cut  the  Meridian  in  JEfio  is  M  one  point  in  the 
Meridian ,  through  which  the  fEquinoffcial  muff  pals,  and 
R  is  another  point  in  the  Meridian  (extended)  without 
the  Circle,  and  a  third  point  is  E,  the  Eaft  point  of  the  Ho¬ 
rizon.  Now  foralmuch  as  thele  three  points  R  E  JE, 
through  which  the  Mquinottial  is  to  be  drawn,  are  almoft 
in  a  ftrait  line,  fo  that  the  Centre  of  it  will  be  at  a  very 
great  diftance,  we  will  forbear  deferibing  of  that  Circle, 
and  content  our  lelves  that  we  have  found  the  points  RE 
fE,  through  which  it  (hould  pafs  5  becaule  we  (hall  draw 
the  Hour-lines  in  this  and  the  like  calesby  other  means, and 
therefore  I  fhall  proceed  to  find  the  other  Requifites.  And, 

1  .  ..  /**  '  .■ 

1 .  To  find  the  height  of  the  Pole  above  the  Plain  represen¬ 
ted  by  P  C. - Take  90  deg.  ofyourLineof  Chords, 

and  let  them  from  c  to  e,  a  Ruler  laid  to  eand  P,  will 
cut  the  plain  in  o,fo  is  O  C  the  height  of  the  Pole  (or 
Stile)  above  the  plain,  viz.  6  deg.  12  min. 

2.  Lo  find  the  diftance  of  the  Subfile  from  the  Meridian, 

reprefented  by  B  N  or  Z  c.  - -  Take  the  diftance 

BN  or  Z  C  (which  is  equal  thereto)  in  your  Com- 
pafles,  and  mealure  it  upon  your  Line  of  Chords,  fo 
you  .fhall  find  it  to  contain  38  deg.  4  min.  which  is 

diftance  of  the  Subftile  from  the  Meridian. 

■  '■  !  •  3-  To. 


An  EreEf  South  Plain  Declining  Eajlward  8 o  deg. 


g.  To  find  the  Plains  difference  of  Longitude ,  reprefented 

by  the  Angle  <%_.P  - -  Lay  a  Ruler  upon  P 

and  M.  it  will  cut  the  Plain  in  g ,  the  diftance  g  B, 

roeaiurecl 
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meafured  upon  the  Line  of  Chords,  will  contain  82  d. 
8  min.  the  Plains  difference  of  Longitude. 

The/e  three  Requifites  being  thus  found,  I  will  now 
proceed  to  draw  the  Dial  without  any  regard  had  to  the 
Centre. 

+•  & 

How  to  draw  the  Hour-lines  upon  the  Plain, 

Firjl,  Draw  a  right  line  A  B,  for  the  perpendicular 
line  of  your  Plain,  and  upon  A  as  a  Centre,  with  60  deg, 
or  the  Radius  of  your  Chord, defcribe  an  obfeure  Arch  of  a 
Circle  C  D  E,  and  thereon  from  C  to  D,  let  38  deg.  4  m. 
the  Subfiles  dijlance  from  the  Meridian  before  found,  and 

draw  the  Line  A  D  for  the  Subftile,  quite  through  the 
Plain.  . 

Secondly,  Take  6  deg.  12  min.  the  height  of  the  Pole 
above  the  Plain  from  your  Chord,  and  fet  them  upon  the 
fame  Arch  from  D  to  E,and  draw  the  line  A  E  for  the  Stile. 

thirdly ,  Forafmuch  as  the  Stile  A  E  in  this  cafe  is  but  of 
final  1  Elevation,  viz.  but  6  deg.  1 2  min.  Draw  the  line 
G  H  parallel  to  A  E,  at  fitch  convenient  di fiance,  as  you 

fliall  think  fit,  for  your  new  (or  augmented)  Stile,  to  ftand 
from  your  Subftile  AD. 

Fourthly ,  Afrume  any  two  points  in  the  Subftile  A  D  as 
R  and  S,  and  through  theie  two  points  draw  two  infinite 
right  Lines,  both  of  them  at  right  Angles  to  the  Subftilar 
line  A  D,  as  the  lines  2  Z,  and  X  X. 

.*,^fe  fr0mthe,PointR-’  take  with  your  Compsffes 
tn<-  leaft  diftance  to  the  new  augmented  Stile  G  H  and  fet 
that  diftance  upon  the  Subftilar  line,  from  R  to  K:  Alfo 
from  tae  point  S,  take  the  leaft  diftance  to  the  new  Stile 
G  H  and  fet  that  diftance  alfo  upon  the  Subftilar  line  from 

v  CO  !„;• 

Sixthly,  Upon  the  two  points  K  and  L  (as  noon  two 
Centres  jwith  60  deg.  or  the  Radius  of  the  Line  of  Chords, 

defcnbe  two  portions  of  Circles,  and  in  either  of  them  fet 

•  *  off 
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off  82  deg.  8  min.  the  Plains  difference  of  Longitude ?  as  from 
S  to  M,  and  from  R  to  M,both  on  the  lame  fide  of  the  Sub- 
ftilar  line,  on  which  the  perpendicular  line  of  the  Plain 
A  B  was  drawn. 

Seventhly ,  Divide  either  of  the  Semicircles  laft  drawn, 
into  12  equal  parts,  at  the  points  0  ©  Q,  &c.  beginning 
this  divilion  in  either  of  them,  at  the  point  M. 

Eightly ,  Lay  a  Ruler  to  the  point  L,  and  every  of  the 
divifions  ©0  0,  &c.  and  the  Ruler  will  cut  the  Con¬ 
tingent  or  JEqmno&ial  line  X  X,  in  the  points  *  *  *,  &c. 
Alio  a  Ruler  laid  to  K,  and  each  of  the  points  ©  ©  ©,e^e. 
will  cut  the  other  Contingent  Z  Z,  in  the  points  *  *  *,  &c. 

Lajlly ,  Lines  drawn  from  the  point  *  in  one  Contingent 
line,  to  the  point*  in  the  other  Contingent  line,  each  to  his 
correlpondent  (which  the  Subftilar  line  will  dire#  you  how 
to  do)  thole  lines  (hall  be  the  true  Hour-lines  belonging  to 
fitch  a  declining  Plain,  and  be  drawn  as  in  the  Figure  you 
lee  done,  at  a  competent  diftance  one  from  another,  with¬ 
out  any  relation  at  all  had  to  the  Centre  of  the  Dial. 

Thus  have  you  finilhed  your  Dial,  and  in  the  making  of 
this,  you  have  made  a  South  declining  Weft  80  deg.  alfo  5 
for  if  you  turn  the  Paper,  and  look  through  it,  it  will  on 
the  back-fide  be  a  South  declining  Weft  80  deg.  only  the 
Forenoon  hours  in  this,  muft  be  the  Afternoon  hours  in 
that:  Nay, in  rigour,  you  have  in  this  one  Dial  made  four, 
viz.  a  North  declining  either  Eaft  or  Weft,  if  you  well 
obferve  what  was  faid  and  done  in  the  laft  Chapter. 

And  thus  have  I  done  with  all  Upright ,  or  Eretf  Plains , 
either  Direct  or  Declining.  I  (hall  now  proceed  to  (hew 
you  how  to  inscribe  Hour-lines  upon  fuch  Plains  as 
are  not  Upright,  but  Recline  from  the  Zenith ,  and  of 
them  there  are  fuch  as  are  Dire&}  and  fuch  as  do  De¬ 
cline. 

...  Ill .Of 
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III.  Of  Reclining  P kins. 

* 

CHAP.IX. 

AS  in  Upright  Plains  there  were  two  Varieties,  vi%. 

EreCt  Direct,  and  EreCt  Declining.  So  are  there  oi 
Reclining  Plains  alfo.  For  fuch  Reclining  Plains  as  do  di* 
redly  behold  either  the  true  Eaft,  Weft,  North  or  South 
points  of  the  Heavens,  that  is,  whole  Poles  lie,  either  in  the 
Meridian ,  or  Prime  Vertical  Circle  of  the  place,  are  called 
DireCl  Reclining  Plains. 

Again,  Thole  Reclining  Plains ,  which  do  not  diredly 
lie  in  or  their  Poles  be  not  in  the  Prime  Vertical  or  Meri¬ 
dian  Circles  of  the  place,  but  deviate  therefrom,  are  called 
Declining  Reclining  Plains.  Of  both  which  forts  I  lhall 
give  you  an  account,  and  the  manner  of  inferibing  Hour¬ 
lines  upon  them,  for  in  theft  Plains  there  is  far  more  varie¬ 
ty,  than  there  was  in  rL)pright  or  EreCl  Plains. 


Of  Dired  Reclining  Plains^  &>c. 

I.  Of  Eaft  and  Weft  Recliners. 

CHAP.  X. 


How  to  draw  the  Hour- lines  upon  a  Dired  Eaft  or  Weft 

Reclining  or  Inclining  Plain. 


AS  in  Upright  Declining  Dials,  Two  things  muft  be  given, 
and  Three  things  muft  be  found,  before  the  Hour-lines 
could  be  drawn.  In  thele  dired  Reclining  Plains  Two 
things  muft  alfo  be  given,  and  Three  muft  be  found,  before 
the  Dial  can  be  made. 


I  2 


I 
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The  Things  that  muft  he  given  are , 

1.  The  Latitude  of  the  Place. 

2,  The  Reclination  of  the  Plain. 

The  Reclination  of  aPlain(as  hath  been  before  declared) 
is  the  Arch  of  an  Azimuth  or  Vertical  Circle,  intercepted 
between  the  Zenith  of  the  place,  and  the  Reclining  Plain. 


Example,  Of  an  Eaft  or  Weft  Plain,  Reclining  35  deg.  in 
the  Latitude  of  London  51  deg.  3  2  nun,. 


d.  m. 

I .  ["Latitude  of  the  Place  51  32 

\ Reclination  of  the  Plain  35  00 


rThe  height  of  the  Pole  above  the  Plain. 

Quanta  ^The  diftance  of  the  Subftile  from  the  Meridian; 
C.The  Plains  difference  of  Longitude. 

Firfl,  Draw  the  Circle  N  E  S  R,  reprelenting  the  Re¬ 
clining  Plain,  and  crols  it  with  the  two  Diameters  N  QjS, 
the  Horizontal  Line  of  the  Plain,  and  Hour-line  of  12  a 
Clock,  and  E  Q_,R  for  the  Prime  Vertical  Circle. 

Secondly ,  Becaufe  the  Plain  reclines  3  5  deg.  take  3  5  deg. 
out  of  your  Line  of  Chords,  and  let  them  fr  om  E  to  a,  and 
from  N  to  h. 

Thirdly ,  Lay  a  Ruler  from  S  to  a,  and  it  will  cut  the 
prime  Vertical  Circle  in  Z,  lb  is  Z  the  Zenith  of  the  place — - 
AUo  a  Ruler  laid  from  S  to  b,  will  cut  the  fame  Vertical 
Circle  in  W,by  which  point  the  Horizon  of  the  place  muft 
be  drawn. 

Fourthly,  The  points  Zand  W  being  found,  you  have  three 
points  through  which  you  muft  defcribe  the  Meridian,  viz. 
N  Z  and  S  j  and  as  many  aifo  through  which  you  muft  dra  w 
the  Horizon, w a mel y ,N  W  and  S .  The  Centres  of  both  which 
Circles  will  fall  in  the  Line  E  QR, f  extended  ifneed.be)  and 
t  he  man  ner  how  to  find  them  hath  been  often  enough  already 
taught.  Fifthly, 
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Eaji  and  Weft  Inclining . 


Fifthly,  Recaufe  the  Latitude  of  the  place  is  51  deg* 
3  2  min.  Take  51  deg.  32  mio.  from  your  Line  of  Chords, 
and  fet  them  upon  your  Plain  from  S  to  c.  Then  lay  a  Ru¬ 
ler  upon  W  the  Weft  point  of  the  Horizon,  and  the  point  c, 
the  Ruler  will  cro.'s  the  Meridian  Circle  in  P  the  Pole  of 
the  World,  through  which  point  P  and  CL,  the  Centre 
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(or  pole  of  the  Plain)  draw  the  right  line  P  Q_,  which 
fhail  be  the  Axis  of  the  World,  and  Subftilar  Line  of  your 

Dial. 

Sixthly ,  Take  90  deg.  of  your  Line  of  Chords,  and  fet 
them  upon  the  Circle  of  your  Plain  from  c  to  d,  then  lay 
a  Ruler  from  W  to  d,  and  it  will  cut  the  Meridian  Circle 
in  JE,  fo  is  JE  one  point  in  the  Meridian ,  through  which 
the  JEquino&ial  Circle  muft  be  drawn,  and  W  the  Weft 
point  of  the  Horizon  is  another,  fo  have  you  two  points 
within  the  Circle,  through  which  you  muft  defcribe  the 
RLqmnoilial  Circle,  whofe  Centre  will  be  in  the  Line  P  Q_, 
the  Axis  of  the  World,  (extended  if  need  be)  the  manner 
how  to  find  it  hath  been  already  taught  feveral  ways. 

Having  thus  projected  the  Meridian,  Horizon  and  IE- 
qitino&ial ,  you  may  find  the  three  Requisites,  as  foliow- 
eth. 

1,  To  find  the  height  of  the  Pole  above  the  Plain  P  45  Lay  a 
Ruler  to  g  and  P,  it  will  cut  the  Plain  on  the  oppo¬ 
site  fide  in  £5  fo  k  h  meafured  upon  the  Chords,  will 
be  26  deg.  41  min.  The  height  of  the  Pole  above  the 
Plain. 

2.  To  find  the  di fiance  of  the  Subfile  from  the  Meridian 
S  4,  Take  S  4  in  your  Compaftes,  and  meafiire  it 
upon  the  Chord,  it  will  be  found  45  deg.  52  min. 
The  diflance  of  the  Subfile  from  the  Meridian . 

g .  To  fnd  the  Plains  difference  of  Longitude ,  JE  P  A 
Ruler  laid  from  P  to  JE,  will  cut  the  Plain  in  e,  the 
diftance  from  O  the  Subftile,to  e,  will  contain  66  deg. 
27  min.  of  the  Chord,  which  is  The  Plains  difference 
of  Longitude. 

Thefe  Requiftes  being  Obtained,  you  may  proceed  to 
find  the  Hour  diftances  upon  the  Plain  in  this  manner. 

Seventh Ij,  Lay  a  Ruler  to  P  the  Pole,  and  JE  the  inter- 
Sedion  of  the  Meridian  with  the  JEquino&ial ,  and  it  will 
cut  the  Plain  in  e.  Ate  begin  to  divide  the  Semicircle  into  12 
equal  parts,  at  the  points.  GO©  &c. 

Lightly, 


5 
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Eighty,  Lay  a  Ruler  to  Q_,  and  the  feveral  point5 
0  ©  ©  <&c.  and  it  will  cut  the  JEquinoBial  Circle  itl 
the  points  *  *  *  &c.  dividing  that  into  12  equal  parts, 
Ninthly,  Lay  a  Ruler  to  P,and  the  feveral  points  *  *  *  &c. 
and  it  will  cut  the  Plain  in  the  points  { J  ]  &c. 

Lafity,  if  from  the  Centre  Q_,  you  draw  right  Lines 
through  the  points  j  [  [  &c.  they  (hall  be  the  true  Hour¬ 
lines  belonging  to  your  Reclining  Plain. 

And  thus  have  you  finiftied  your  Dial,  and  a  Ho  in  it 
Four  Dials :  For  the  Dial  as  it  here  ftands  in  the  Scheme, 
is  properly  an  Eaft  and  Weft  Incliner,  but  being  turned 
upfide  down,  as  you  fee  the  hours  numbred,  and  the  word 
Zenith  ftanding  upwards,  it  is  an  Eafl  Recliner  5  and  if 
the  Hour-lines  be  turned  (or  luppofed  to  ftand)  on  the 
right  hand  of  the  Prime  Vertical  Line  E  Q_  R,  as  in  this 
Scheme  they  do  on  the  left  hand, and  the  hours  of  4,5,6,  &c. 
in  the  Morning,  changed  to  8,  7,  6,  &c.  in  the  Evening, 
the  Plain  is  then  a  Weft  Recliner.  And  if  the  Hour-lines 
be  drawn  through  the  Centre  of  either  of  them,  the  Plains 
then  become  Eaft  and  Weft  Incliner s ;  the  hours  and  Sub¬ 
file  in  all  retaining  the  lame  place, only  the  denominations  of 
the  Hours  changed,  &c.  you  rauft  remember,  that  in  all 
Eaft  and  Weft  Recliners,  the  North  Pole  is  elevated,  and’ 
in  all  [ncliners  foppofite  to  them)  the  South  Pole. 


1 1.  Of  South  Recliners , 

CHAP.  XL 

How  to  draw  the  Hour-lines  upon  DireU  South  Re* 

dining  or  Inclining  Plains. 

IN  the  Eaft  and  Weft  Recliningand  Inclining  Plains,  be¬ 
fore  deferibed,  the  Meridian,  or  12  a  Clock  Hour-line, 
did  lie  in  the  Horizontal  Line  of  the  Plain,  and  the  Poles 

thereof; 
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thereof  in  the  Prime  Vertical  Circle.  So  (on  the  contra¬ 
ry  Jin  thefe  South  and  North  Recliningand  Inclining  Plains, 
their  Horizontal  line  lieth  in  the  Prime  Vertical  Circle,  or 
hour  of  6 ,  and  their  Poles  in  the  Meridian^  and  from  hence 
they  receive  their  denomination. 

Of  thefe  Dired  Reclining  Plains  there  are  Six  Varieties , 
viz.  three  of  South  Recliners,  and  as  many  of  North  Re¬ 
el  iners.  For, 

1.  The  South  Plain  may  Recline,  fo  as  it  may  juft 
fall  in  the  Axis  of  the  World,  and  fo  pafs  through  the 
Poles  of  the  World,  and  then  it  is  called  an  JEqmno&ial 
Plain ,  becaufe  the  poles  thereof  lie  in  the  JVqnino&ial 
Circle,  and  neither  of  the  poles  have  any  Elevation  above 
it,  wherefore  the  Hour-lines  muft  be  all  parallel  one  to 
the  other,  and  all  of  them  to  the  Axis  of  the  World, and  the 
Dial  muft  be  drawn  as  the  Ered  Dired  Eaft  or  Weft  Dials 
were.  Only,  whereas  the  Stile  flood  upon  the  Hour-line 
of  6  in  the  Eaft  and  Weft,  in  thefe  plains  it  muft  ftand  up- 
the  Hour-line  of  12,  and  be  of  equal  height  with  the  di- 
ftance  between  the  hours  of  12  and  9,  or  12  and  3,  which 
are  equidiftant  from  the  Meridian. 

2.  Or  Secondly ,  The  South  Plain  may  fo  Recline,  that 
it  may  fall  between  the  Zenith  and  the  North  Pole,  and 
then  is  the  South  Pole  elevated  above  foch  a  Plain.  Or, 

3 .  The  North  Plain  may  fo  Recline,  that  it  may  fall  be¬ 
tween  the  Horizon  and  the  North  Pole,  and  then  is  the 
North  Pole  Elevated. 


Examples  of  thefe  three  Varieties  of  South  Reclining 

Plains  do  here  follow. 
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The  Firfi  Variety . 

CHAP.  XII. 

How  to  draw  the  Hour-lines  upon  an  iEquino&ial  Plain, 

Reclining  juft  to  the  Pole. 

Sllppofe  a  South  plain  fliould  Recline  38  deg.  28  min.* 
1  in  the  Latitude  of  London  51  deg.  32  min. 

Firft,  Draw  the  Circle  W  P  E  R,  reprefenting  your 
Reclining  plain,  and  crofs  it  with  the  two  Diameters  P  Z 
S  R,  for  the  Meridian ,  and  W  Q»E}  the  Horizontal  line 
of  the  plain. 

£ 


Secondly  Becaufe  the  plain  Reclines  38  deg.  28  min, 

take  38  deg.  28  min.  out  of  your  Chord,  and  fet  them  from 
P  to  4,  and  from  E  to  k 

Thirdly,  Lay  a  Ruler  from  W  to  a,  it  will  cut  the  Me¬ 
ridian  in  Z,  lo  is  Z  the  Zenith  of  the  place,  through  which 
point,  and  the  points  W  and  E  ( the  Weft  an  d  Eaft 

SS  c  tIie  ^orizon  )  draw  the  prime  Vertical  Circle 
W  S 

Fourthly , 


K 
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Fourthly,  Lay  a  Ruler  from  W  to  h,  and  it  will  cut  the 
Meridian  in  S,  through  the  points  W  S  and  E,  draw  the 
Horizon  of  the  place  W  S  E. 

Fifthly,  Becauft  the  Latitude  of  the  place  is  5 1  deg.  3  2 
min.  let  5 1  deg.  32  min.  upon  your  plain  from  E  to  a,  and 
it  will  cut  the  Meridian  P  Q_R,  in  the  point  Z  the  Zenith, 
then  (becauft  the  pole  of  the  World  is  removed  from  the 
Zenith ,  (always)  fo  much  as  is  the  Complement  of  the  La¬ 
titude,  which  here  in  this  Example  is  38  deg.  28  min.)take 
therefore  this  diftance  38  deg.  28  min.  and  fet  it  upon 
your  plain  from  a,  and  you  (hall  find,  that  the  Compaft-1 
point  will  direttly  fall  in  the  point  P,  which  is  the  Pole 
of  the  World  and  is  the  very  place  where  the  Reclining 
Plain,  and  the  Meridian  of  the  place  do  interleaf,  which 
clearly  demonftrates,that  the  Pole  hath  no  Elevation  above 
this  Plain,  and  by  this  means,  the  Line  W  QJE,  becomes 
to  be  the  JEquino0al,  and  a  (trait  Line,  wherefore  the 
Hour-lines  muft  .be  all  parallel  one  to  the  other,  and  all 
of  them  to  the  Axipafibe  World,  and  the  Dial  muft  be 
drawn  in  this  manner. 


j' 
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Firjl,  Dra^  the  RigBWfLine  A  B,  for  the  Horizontal 
Line  of  the  Plain,  and  crols  it  about/ the  middle  thereof 
at  Right  Angles,  with  the  Line  12  (£12  for  the  Meridian 
and  Hour-line  of  1 2.  . 

Secondly ,  Upon  the  Line  12  Q_,i  2,  either  above  or  be¬ 
low  Q_,  aftume  any  point,  as  S,  and  fetting  one  foot  of 
your  Compafles  therein  (it  being  opened  to  the  Radius  of 
your  Line  of  Chords)  defcribe  the  Semicircle  C  D  E, which 
divide  into  1 2  equal  parts,  beginning  at  D. 

Thirdly, Lay  a  Ruler  to  S, and  the  feveral  points  ©  ©  © 
&c.  and  it  will  crofs  the  MquinoUial  Line  A  B,  in  the 
points  *  *  'k  &c. 

La  fly.  Through  theft  points  ***  e^.draw  Right  Lines 

all 


Geometrical  Dialling .  6y 

all  parallel  to  the  Line  12  (^12,  and  fo  is  your  Dial 
finilhed. 

A  DireU  JEquino&ial  Dial. 


The  Stile  may  be  either  a  ftrait  Pin,  of  the  length  of 
the  line  QJ>,  let  perpendicular  to  the  Plain  upon  the  point 
Qj  the  (hadow  of  the  top  thereof  only  giving  the  Hour. 
Or  it  may  be  a  plate  of  the  breadth  of  the  diftance  that 
is  between  the  Hour-lines  of  12  and  3,  or  12  and  9.  and 
then  will  the  (hadow  of  the  upper  edge  thereof,  give  the 
hour  of  the  day. 


The  Second  Variety. 


CHAP.  XII. 

How  to  draw  the  Hour-lines  upon  a  Dire#  South  Reclining 
Plain,  which  falls  between  the  Zenith  and  the  Pole. 

is  ?  _  y 

f. 

Let  the  Example  be  of  a  South  Plain  Reclining  2  5  d, 
in  the  Latitude  of  London  5 1  deg.  32  min. 

;  J  r  .  y-  v  , 

Flrfi,  Draw  the  Circle  W  D  E  R,  reprefenting  your 
Reclining  Plain,crofs  it  with  the  two  Diameters  N  R, 

K  2  for 


Fourthly  Becaufe  the  Pole  of  the  World  is  always  dr 
Kant  from  the  Zenith,  the  Complement  of  the  Latitude  of 

. . ~  ■  '  . -  '  t|l§ 
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for  the  Meridian  and  Hour-line  of  12,  and  WE,  for  the 
Horizontal  line  of  the  Plain,  and  Hour-line  of  Six. 

Secondly',.  Take  25  deg.  the  Plains  declination,  out  of 
your  Line  of  Chords,  and  let  that  Diftance  from  D  to  a, 
and  from  E  to  b. 

Thirdly ,  A  Ruler  laid  from  W  to  a,  will  give  Z  the  Ze- 
mith  of  the  place  5  and  a  Ruler  laid  from  W  to  />,  will  give 
S  the  South  point  of  the  Horizon ;  both  which  Circles 
W  Z  E,  the  Prime  Vertical  and  W  R  El  the  Horizon,  may 
be  drawn,  as  hath  often  enough  already  been  (hewn, their 
Centres  being  always  in  the  Meridian  Line  N  Q_R,  exten¬ 
ded  if  need  require.. 

a°  a  5k 
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the  place,  viz.  here  at  London ,  38  deg.  28  min.  Take 
(therefore)  38  deg.  28  min.  out  of  your  Line  of  Chords, 
and  fet  them  upon  your  Plain  from  a, the  point  which  found 
the  Zenith  to  C. 

Fifthly,  Lay  a  Ruler  from  W  to  C,  and  it  will  cut  the 
Meridian  N  Q_R,  (being  thus  extended)  in  P,  fo  is  i3  the 
North  Pole  of  the  World,  and  becaule  it  falleth  without 
Plain, it  is  evident  by  the  Scheme,  that  this  Reclining  Plain 
paffeth  through  the  Meridian ,  between  the  Zenith  and  the 
Pole.  And  again,  becaule  the  North  Pole  P  falleth  with¬ 
out  the  Plain,  it  alio  demonftrates  that  the  South  Pole  muft 
be  elevated  above  this  Plain.  Wherefore, 

Sixthly ,  To  find  the  point  of  the  South  Pole  upon  the 
Meridian  line  N  QR,  do  thus.  Becaule  the  two  Poles  are 
180  deg.  diftant  from  each  other,  viz,,  two  Quadrants,  or 
twice  90  deg.  Take  therefore  90  deg.  out  of  your  Line  of 
Chords,  and  let  them  twice  upon  your  Plain  from  C,  viz. 
firft  from  C  to  e,  and  then  from  e  to  n,  fo  lhall  the  180  deg. 
end  in  n :  And  a  Ruler  being  laid  from  W  to  #,  lhall  croft 
the  Meridian  in  A, the  South  Pole ,  fo  is  the  South  Pole  A, 
elevated  above  the  Reclining  Plain,  the  quantity  of  A  R, 
which  is  equal  to  the  Arch  R  n,  which  meafured  upon  the 
Line  of  Chords  will  be  found  13  deg.  28  min. 

Seventhly,  Lay  a  Ruler  from  W  to  e,  and  it  will  cut  the 
Meridian  in  M,  Ibis' M  that  point  in  the  Meridian  through  * 
which  the  jFquino&ial  muft  pafs.  Asalfo  through  the  points  > 
E  and  W,  the  Eaft  and  Weft  points  of  the  Horizon. 

Eighthly,  For  the  Hour-lines,  They  are  to  be  drawn  in 
all  refpe&s  as  the  Hour-lines  were  upon  the  upright  South  s 
Plain,  without  any  alteration,  only  there  the  Stile  was  ele¬ 
vated  according  to  the  Complement  of  the  Latitude  38  deg. . 
28  min.  here  it  muft  be  elevated  only  13  deg.  28  min. 
as  in  the  Scheme.  The  manner  how  the  Hour-lines  are  to 
be  put  on,  I  lhall  only  repeat,  but  I  (hall  forbear  drawing 
them,  leaving  that  to  your  own  practice,  in  regard  there  is 
no ,  alteration  at  all  from,  the  Ered  Dired  South  Plain. 

Where-.  - 
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Wherefore  divide  the  Semicircle  of  your  Plain  W  R  E  in¬ 
to  1 2  equal  parts,  (beginning  at  R,  and  fb  6  equal  parts 
on  either  fide  of  the  Meridian  N  Q_R*)  Then  lay  a  Ru* 
ler  to  Q_,  and  every  of  thole  12  divisions,  it  will  divide 
the  iEquino&ial  into  12  unequal  parts.  A  Ruler  laid  from 
P  to  every  of  thofe  unequal  parts  in  the  JEquinoftial,  will 
divide  the  Plain  into  12  other  unequal  parts,  through 
which  laft  12  unequal  parts,  and  the  Centre  Q^,  if  you 
draw  right  Lines,  they  {hall  be  the  true  Hour-lines  proper 
for  the  Plain. 

And  here  by  the  way  note,  for  that  the  iEquino&ial 
Circle  in  this  Scheme  is  a  very  oblique  Arch,  the 
Centre  of  it  will  be  very  remote,  and  the  Hour-fpa- 
ces  upon  it  (as  alfo  upon  the  Plain)  will  be  very 
clofe  together  in  thele  fmall  draughts,  which  is  occa- 
fioned  by  the  fmall  Elevation  that  the  South  Pole 
hath  above  this  Plain ,  viz.  but  13  deg.  28  min. 
which  you  might  find  without  drawing  of  the  Scheme 
by  fubft raffing  25  deg.  the  Plains  Declination  repre¬ 
fen  ted  in  the  Scheme  by  the  Line  (or  Circle)  D  Z, 
from  Z  P,  the  Complement  of  the  Latitude  of  the 
place.  And  therefore,  forefeeing  that  the  Pole  hath 
but  fmall  Elevation  above  the  Plain,  and  alfo  what 
Pole,  whether  North  or  South  that  is  elevated  :  The 
better  way  will  be  to  augment  the  Stile,  and  to  draw 
the  Dial  according  to  thefe  following  Directions. 

How  to  draw  the  Hour-lines  upon  the  Plain. 

fn  the  Scheme  following,  draw,  Firfi,  The  right  Line 
W  QJE,  for  the  Horizontal,  and  perpendicular  thereunto, 
in  the  Line  S  QR,  for  the  Meridian  and  Hour-line  of  12, 
which  extend  above  the  Horizontal  Line  to  S. 

Secondly,  Upon  S  as  a  Centre,  with  60  deg.  of  your 

-  Chord,  defcribe  a  fmall  Arch  of  a  Circle,  and  upon  it  fet 

13  deg. 
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13  deg.  2  8  min.  the  height  of  the  Pole  above  the  Plain 
from  A  to  B,  and  draw  the  Line  S  B  for  the  Stile. 

South  Reclining  25  Degrees, 


Thirdly ,  At  any  convenient  diftance,  anfwerable  to  the 

Jaigenels  of  your  Plain,  draw  a  Line  parallel  to  W  E,  as 
the  Line  CDF,.  1 
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Fourthly ,  Set  one  Foot  of  your  Compaffes  in  D,  and 
with  the  other,  take  the  neareft  diftance  to  the  Stile  S  B, 
which  diftance  fet  upon  the  Meridian  from  D  to  H. 

Fifthly ,  Upon  the  point  H,  (your  Compares  opened  to 
6 o  deg.  of  your  Line  of  ChordsJ  deicribe  the  Semicircle 
K  QL,  which  divide  into  1 2  equal  parts,  in  the  points 
©  ©  ©  &c. 

Sixthly ,  Lay  a  Ruler  unto  H,  and  upon  every  of  the 
points©  ©  ©,  &c.  and  it  (hall  cut  the  IfLquinoBial  Line 
CDF,  in  the  points  *  *  *  <&c.  through  which  the  Hour¬ 
lines  muft  pafs:  Wherefore,  if  from  the  Centre  S,  and 
through  the  feveral  points  *  *  *  &c.  in  the  Line  C  D  F, 
you  draw  ftrait  lines,  bounding  them  between  any  two 
lines  as  W  E,  and  M  N,  they  (hall  be  the  true  Hour-lines. 
Or, 

Seventhly ,  If  you  draw  another  Tangent  line,  and  de- 
fcribe  another  Semicircle,  and  divide  it,  and  the  other 
line, as  you  did  the  former,fo  (hall  the  lines  drawn  through 
the  refpeftive  points  ***  &c.  in  either  of  the  HLquinoBial 
(or  Tangent-lines)  be  the  true  Hour-lines  belonging  to 
your  Plain,  without  any  regard  had  to  the  Centre  at  all, 
as  you  before  did  in  Upright  far  Decliners. 


CHAP.  XIV. 

How  to  draw  the  Hour-lines  upon  a  Direct  South  Reclining 

Plain,  which  pajfeth  between  the  Pole  and  the  Horizon. 

I 

Let  the  Example  be  of  a  South  Plain,  Reclining  5$  deg.  in 
the  Latitude  of  London,  51  deg.  32  min. 

Flrfi,  Draw  the  Circle  W  N  E  R,  for  your  Reclining 

Plain,  crofs  it  with  the  two  Diameters  N  Qjs  the 

Meridian 
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Meridian,  and  W  Q_€,  the  Horizontal  Line  of  the 
Plain. 

Secondly ,  Take  55  deg.  the  Plains  Reclination,  out  of 
your  Line  of  Chords,  and  fet  that  diftance  from  N  to  a, 
and  from  E  to  b. 

Thirdly,  Lay  a  Ruler  from  W  to  a,  it  will  cut  the  Me¬ 
ridian  in  Z,  fo  is  Z  the  Zenith  of  the  place,  through  which, 
and  the  points  W  and  E.  draw  the  prime  Vertical  Circle 
WZ  E. 


Fourthly ,  Lay  a  Ruler  from  W  to  b,  and  it  will  cut  the 
Meridian  in  S,  the  South  point  of  the  Horizon,  through 

which,  and  the  points  W  and  E,  the  Horizon  of  the  place 
W  S  E  mult  be  drawn.  r 


Fifthly  The  Pole  being  diftant  from  the  Zenith  of  the 
place  3d  deg.  28  mm.  equal  to  the  Complement  of  the  La¬ 
titude,  let  38  deg.  28  min.  from  4  toe,  and  a  Ruler  laid 
from  VV  to  c  fhall  cut  the  Meridian  inP  the  Pole  of  the 
World,  and  90  deg.  of  your  Line  of  Chords  being  fet 

b  from 


from  c  to  and  a  Ruler  laid  from  W  to  »,(hall  cut  the  Me¬ 
ridian  in  JE, through  which,and  the  points  W  and  E  muft 
the  IRquinoBial  Circle  be  deftribed  .*  The  Centre  where¬ 
of,  as  alio  of  the  Horizon  and  prime  Vertical  Circles,  are 
all  in  the  Meridian  N  Q_  R,  extended  where  need  re¬ 
quires,  and  how  thefe  Centres  are  to  be  found,  is  (hewed 
already. 

Sixthly ,  For  the  drawing  of  the  Hour-lines,  they  muft 
be  drawn  as  in  the  Ereft  Direft  South  Plain,  or  as  was  di¬ 
rected  in  the  laft  Plain,  and  fc  I  (hall  (ay  no  more  of  them 
in  this  place;  only  take  notice,  that  the  North  Pole  is  ele¬ 
vated  above  this  Plain,  the  quantity  of  the  Arch  N  r, which 
is  1 6  deg.  32  min. 

Theft  are  the  three  Varieties  of  South  Direct  Reclining 
Plains,  and  in  the  making  of  theft,  you  have  alfo 
made  the  oppolite  Incliners  as  much,  for  each  Plain 
hath  two  faces,  the  one  open  to  the  Zenith ,  -and  the 
other  to  tho  Nadir  of  the  place.  *-  I 


CHAP.  XV. 

' 

How  to  draw  the  Hour-lines  upon  a  Direft  North  Reclining 

Inclining  Plain. 


ners ;  For, 

1.  The  North  Plain  may  fo  Recline,  that  it  may  pais 
through  the  Meridian ,  juft  at  the  interftftion  of  the  MerP 
dian  with  the  Mquinotfial,  the  plain  it  felf  lying  in  theiE- 
quino&ial  Circle,  and  the  poles  thereof  in  the  Poles  of  the 
World,  and  fo  it  is  called  A  Polar  Plain.  Or,  < 
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2.  The  Plain  may  fo  Recline,  that  it  mgy  cut  the  Me" 
ridian  between  the  Zenith  and  the  MquinoUial.  Or, 

3.  It  may  Recline  fo  far,  as  to  cut  the  Meridian  between 
the  JEquino&ial  and  the  Horizon. 

Examples  of  thefe  three  Varieties  of  North  Reclining 

Plains  follow. 


The  Fir  ft  Variety . 

CHAP.  XVI. 

ffiorv  to  draw  the  Hour-lines  upon  a  Direct  Polar  Plain,  which 

Reclineth  jujl  to  the  iEquinoCtial. 

Example  of  a  North  Plain, Reclining  51  deg.  32  min.  equal 
to  the  Latitude  of  the  Place  viz.  London. 

FIrjl,  Delcribe  the  Circle  E  JE  W  R,  for  your  Plain, 
crofs  it  with  the  Diameters  M  Q_R,  for  the  Meridi¬ 
an,  and  W  Q_E  for  the  prime  Vertical  Circle. 

Secondly,  Set  51  deg.  3  2  min.  the  Reclination  of  the 
Plain  (which  in  this  Example  is  alfo  equal  to  the  Latitude 
of  the  place)  from  JE  to  a,  and  alfo  from  W  to  b. 

Thirdly ,  A  Ruler  laid  from  E  to  a,  will  cut  the  North 
part  of  the  Meridian  in  Z  the  Zenith  of  the  place,  and  be¬ 
ing  laid  from  E  to  b,  it  will  cut  the  Meridian  in  N,  fo  isN 
the  North  point  of  the  Horizon. 

Fourthly ,  Through  the  points  W  Z  and  E  (by  former 
directions)  draw  the  prime  Vertical  Circle,  or  Azimuth  of 
Eaft  or  Weft,  W  Z  E.  And  alfo  through  W  N  and  E, 
draw  the  Horizontal  Circle  W  N  E. 

Fifthly,  Becaufo  the  Pole  of  the  World  is  always  remov¬ 
ed  from  the  Zenith  of  the  place,  fo  much  as  is  the  Com¬ 
plement  of  the  Latitude  (in  this  Example  38  deg.  28  min.) 
Set  38  deg.  28  min.  from  a  (the  point  in  the  Plain,  which 
found  the  Zenith  point  Z,)  Northward  of  the  Zenith,  and 
the  Gompaft-point  will  fall  in  W,  the  Weft  point  of  the 

L  2  Hon- 
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Horizon  5  fb  that  if  a  Ruler  were  laid  from  W  to  E,  it 
would  cut  the  Meridian  in  Q_,  for  the  Pole  of  the  World, 
which  is  already  the  Centre  of  the  plain,  lb  that  the  pole 
of  the  World,  and  the  pole  of  the  plain  fall  both  in  one 
point,  and  the  pole  Qjs  elevated  above  the  plain  90  deg* 
viz.  the  quantity  of  the  Meridian  Line  JE  Q,,or  rather  the 
Arch  JE  W,  which  is  the  mealiire  thereof. 

A  DinU  Polar  Dial  South. 


Sixthly ,  To  draw  the  Hours  upon  this  Plain,  it  is  eafieft 
of  all  others,  for  if  you  divide  the  Semicircle  ERW, 
into  1 2  equal  parts  in  the  points  O  ©  ©  &c.  and  through 
thole  points  draw  ftraight  lines  from  the  Centre  Q_,  they 
(hall  be  the  true  Hour-lines  belonging  to  this  Polar  Plain. 

And  this  Plain,  by  realbn  of  its  North  Reclination,is,in 
Summer,  capable  of  receiving  all  the  hours  from  Sun  riling 
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to  Sun  fetting,  and  therefore  the  Hour-lines  of  4  and  5  in 
the  morning, and  of  7  and  8  at  night  muft  be  drawn  through 
the  Centre,  as  you  did  in  the  Vertical  or  Horizontal  Dial, 
and  as  you  fee  here  done  in  this  Figure. 

The  Stile  of  this  Dial  muft  be  a  ftrait  Pin  or  Wire,  let 
perpendicular  upon  the  Plain,  from  the  Centre  Q_,  and 
of  any  length.  And  this  for  the  Firft  Variety  of  North 
Recliners. 

The  South  Inclining  Plain  oppofite  to  this,  is  dire&ly 
the  fame,  only  the  forenoon  hours  in  this  muft  be  the  Af¬ 
ternoon  hours  in  that, and  the  hours  of  4  and  5  in  the  mor¬ 
ning,  and  of  7  and  8  in  the  Evening  muft  be  omitted. 


The  Second  Variety . 


CHAP.  XVII. 

How  to  draw  the  Hour-lines  upon  a  North  Reclining  Plain, 
which  interjects  the  Meridian  between  the  Zenith  and  the 
ALquino&ial. 

Let  the  Example  be  of  a  North  Plain,  Reclining  25  deg. 


Firft ,  Draw  the  Circle  E  S  W  R,  reprefenting  your 
North  Reclining  Plain, and  crofs  it  with  the  two  Dia¬ 
meters  S  Q  R,  the  Meridian  of  the  Place,  and  E  Q_W, 
the  Horizontal  Line  of  the  Plain. 

Secondly ,  Set  the  Reclination  of  the  Plain  25  deg.  from 
S  to  a,  and  from  W  to  b. 


Thirdly ,  Lay  a  Ruler  from  E  to  <*,  it  will  cut  the  Meri¬ 
dian  in  Z  the  lenith.  And  a  Ruler  laid  from  E  to  b,  will 
cut  the  Meridian  in  N  the  North  point  of  the  Horizon :  fo 
have  you  three  points  E  Z  and  W,  whereby  to  draw  the 
prime  Vertical  Circle  E  Z  W,  and  three  points  a lfo,  viz, 
E  N  and  W,  whereby  to  draw  the  Horizon  E  N  W. 

Fourth lfy 
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Fourthly ,  Becaufe  the  jEquino&ial  is  always  90  deg.  di- 
ftant  from  either  of  the  Poles, fet  90  deg.  upon  your  Plain, 
from  c  to  d.  Then  laying  a  Ruler  to  E  and  d,  it  will  cut 
the  Meridian  in  M,  fo  is^E  the  point  of  the  interfe&ion  of 
the  iEquino&ial,  with  the  North  part  of  the  Meridian  ; 
wherefore  through  the  points  E  M  W,  defcribe  the  Jsqui- 
no&ial  Circle  5  the  Centre  whereof  as  alfo  of  the  Hori¬ 
zon,  and  prime  Vertical  Circle,  will  fall  in  the  Meridian 
S  QJl,  extended  where  need  requires. 


<£r 


Fifthly ,  The  Horizon,  iEquino&ial  and  Pole,  being 
thus  (bated  in  their  true  pofitions  upon  the  Plain  5  the 
thing  required  in  this  Dial,  is,  The  height  of  the  Pole  above 
the  Plain ,  which  may  be  found  in  this  manner.  - —  Lay  a 
Ruler  from  E  to  P5  and  it  will  cut  the  Plain  in  c,  the  di¬ 
stance  S  c,  meafored  upon  your  Line  of  Chords,  will  con¬ 
tain  63  deg.  28  min.  which  is  the  height  of  the  pole  above 
the  Reclining  Plain. 

Lafily,  For  the  drawing  of  the  Hours,  that  is  done  the 

fame 
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fame  way  as  in  the  Ered  Dired  South  Plain,  only  here  the 
Stilemuft  beelevated  above  the  Meridian  line63  deg.pSm. 
whereas  there  it  was  only  38  deg.  28  min.  the  Comple¬ 
ment  of  the  Latitude.  The  North  Pole  is  elevated  above 
this  Plain,  and  the  Hours  that  the  Plain  is  capable  to  re¬ 
ceive,  are  4,  5,  6 ,  7,  8,  and  9  in  the  Morning,  and  3,  4, 
5,  6 ,  7,  and  8  at  Night. 

The  height  of  the  Pole  (or  StileJ  above  this  Plain  may 
be  found  by  adding  the  Complement  of  the  Latitude 
38  deg.  28  min.  and  25  deg.  the  Reclination  toge¬ 
ther,  the  fumm  whereof  is  63  deg.  28  min.  the  height 
of  the  Stile,  as  before. 


The  Third  Variety . 

CHAP.  XVIII. 

How  to  draw  the  Hour-lines  upon  a  Dired  North  Reclining 
Plain,  which  interfe&s  the  Meridian  between  the  iEquino- 
dial  and  the  Horizon. 

Let  the  Example  be  of  a  Dired  North  Plain,  Reclining 
70  deg.  in  the  Latitude  of  London  5 1  deg.  32  min. 

F  frfi,  Draw  the  Circle  E  S  W  R,  reprefenting  your 
North  Reclining  Plain,  and  crofs  it  with  the  two  Dia- 
meteio  5  Q_  R,  for  the  M.eridian  of  the  Place,  and  with 
E  Q_.W,  the  Horizontal  Line  of  the  Plain. 

Secondly ,  Set  the  Reclination  of  the  plain  70  deg  .  from 
S  to  a,  and  from  W  to  b.  & 

.  TDrdljMy  a  Ruler  to  E  and  4,  it  will  cut  the  Meridian 
m  Z  the  Zenith,  through  which,  and  the  points  Eand  W 

draw  the  prime  Vertical  Circle  E  Z  W.  _ _ _  Alfo,  lay 

a  Ruler  fiom  E  to  b,  it  will  cut  the  MLridian  in  N,  the  in* 

terfedion 


\ 
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terfedion  of  the  Meridian  with  the  North  part  of  the  Ho¬ 
rizon,  now  through  the  points  E  N  and  W,  defcribe  the 
Horizon  of  the  place  ENW. 

Fourthly ,  Forafmuch  as  the  Pole  is  diftant  from  the  Ze¬ 
nith  of  the  place  38  deg.  28  min.  (equal  to  the  Comple¬ 
ment  of  the  Latitude)  fet  38  deg.  28  min.  from  a,  the 
point  which  gave  the  Pole  P  to  c,  and  lay  a  Ruler  from 
E  to  c,  fo  lltall  it  crofs  the  Meridian  in  P,  the  Pole  of  the 
World. 

Fifthly ,  Becaule  the  ffilqui  nodial  is  in  all  places  fituate 
90  deg.  from  either  Pole.  Take  90  deg.  in  your  Compares, 
and  let  them  off  from  c,(the  point  which  gave  the  Pole  P) 
both  ways, to  e  above,and  to  g  below.  So  a  Ruler  laid  from 
E  to^,  will  cut  the  Meridian  (it  being  extended)  in  IE, 
without  the  Plain,  which  (hews  that  the  North  part  of  the 
iEquinodial  Circle  lies  below  this  Plain.  Therefore, lay  a 
Ruler  from  E toe,  and  it  will  crols  the  Meridian  in  IE 
above,  within  the  plain.  So  is  IE  the  point  where  the  Me¬ 
ridian,  and  the  South  point  of  the  iEquinodial  will  inter- 
led,  and  through  that  point,  and  the  points  E  and  W,  muff 
the  iEquinodial  E  IE  W,  be  drawn. 

Sixthly ,  the  Horizon,  Pole  and  iEquinodial,  being  thus 
projeded,  the  thing  required  in  this  plain,  is,  The  height  of 
the  Pole  above  it ,  viz,.  P  R,  which  may  be  found  in  this 

manner.  - - Lay  a  Ruler  from  EtorP,  and  it  will  cut  the 

plain  in  c,  the  diftance  from  R  to  c  meafured  upon  the 
Chord,  will  be  71  deg.  32  min.  which  is  the  height  of  the 

pole  above  this  Reclining  plain. - Or  the  height  of  the 

pole  above  the  plain  may  be  found,  by  adding  the  plains 
Reclination  70  deg.  to  38  deg.  28  min.  the  Complement 
of  the  Latitude,  the  Summ  whereof  is  108  deg.  28  min. 
which  taken  from  180  deg.  the  remainer  will  be  71  deg. 
32  min.  as  before. 

Lajlly ,  For  the  drawing  of  the  Hour-lines,they  are  done 
in  all  refpeds  as  thole  before  in  South  Ered  Plains,  only  in 
this  make  the  Elevation  of  the  Stile  7 1  deg.  3  2  min.  as  you 
find  itbyyourprojedion.  Your 
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Your  Hour-lines  being  drawn,  ered  the  Stile  71  deg. 
32  min.  above  the  Meridian  or  Subftile,  letting  it  point  up 
to  the  North  Pole,  becaule  that  pole  above  this  plain  is  lb 
much  elevated,  and  being  this  Plain  is  but  20  deg.  railed 
above  the  Horizon,  viz.  the  Complement  of  its  Reclina- 
tion,  the  Plain  is  capable  to  receive  all  the  hours  from  4 
in  the  morning,  to  8  at  night,  and  therefore  the  hours  of 
4  and  5  in  the  morning,  and  7  and  8  in  the  evening,  muft 
be  drawn  through  the  Centre,  as  was  done  in  the  Vertical 
or  Horizontal  Dial. 


And  thus  have  you  had  Examples  of  all  the  Varieties, 
both  ofEaJl,  JVeJlj  North ,  and  South  Reclining  Plains 5 
and  no  other  can  poffibly  fall  out  in  any  place  what- 

M 1  foever. 
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fbever.  The  Inclining  Plains  are  the  fame  with  the 
Recliners  oppolite  to  them  3  and  muft  be  drawn  in 
the  fame  manner, as  hath  been  (in  fbme  meafure)here- 
tofore  hinted,  and  {ball  be  more  at  large  difcourfed 
of  hereafter,  when  I  have  done  with  Declining  Recli¬ 
ning  Plains ,  of  which  I  come  now  to  treat. 


IV.  Of  Declining  Reclining  Plains. 

CHAP.  XIX. 

AS  there  were  fix  Varieties  of  Direti  North  and  South 
Reclining  Plains ,  fo  alfb  are  there  of  South  and  North 
Declining  Reclining  Plains ,  viz,.  Three  Varieties  of  South 
Recliners  Declining ,  and  as  many  of  North  Recliners  Decli¬ 
ning.  For,  in  South  Recliners  Declining, 

r.  The  Declination  may  be  fuch,  that  the  South  Reclin¬ 
ing  Plain ,  may  cut  or  fall  upon  the  Meridian ,  juft  upon 
the  Pole  Point  3  and  fuch  Reclining  Declining  Plains ,  are 
called  WLquino&ial  Decliners :  Or, 

2.  The  Declination  may  be  fuch, that  the  Reclining  Plain 
fhall  interfeft  the  Meridian  between  the  Zenith  of  the  place, 
and  the  Pole  of  the  World :  Or, 

3.  The  Declination  may  be  fuch,  that  the  Reclining 
Plain  fhall  crofs  the  Meridian  between  the  Pole  and  the 
Horizon.  c% 

i  \ • v  v 

\  * 

£  _ 

Thefe  are  the  three  Varieties  of  South  Recliners  Declining. 
In  North  Recliners  Declining  there  are  three  other  Varie¬ 
ties.  For ,  • 


I.  The  Declination  may  he  Juch,,  that  the  North  Reclin¬ 
ing  Mt*  may  crofs,  the 

MqHwUiiU  interfefts  the;  Mmdun,  And' then  fuch  plains 
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are  called  Polar  Declining  P/rf/>/,becaufe  the  Poles  of  them 
lie  in  the  Axis  of  the  World ,  and  the  Subfile  in  luch 
Plains, will  be  always  perpendicular  to  the  Meridian  ofthe 
place.  Or, 

2.  The  Declination  may  be  fuch,that  the  Reclining  Plain 
may  interfeft  the  Meridian ,  between  the  Zenith  and  the 
TEquino&ial.  Or, 

g.  The  Declination  may  caufe,  that  the  Reclining  Plain 
may  fall  upon  the  Meridian ,  between  the  JEquinoBial  and 
the  Horizon. 


Examples  of  all  the fe  Varieties  follow. 

I.  Of  South  Rec  liners. 

The  Firft  Variety. 


CHAR  XX. 

‘•I  \  •  T  \ 

How  to  draw  the  Hour-lines  upon  a  South  Reclining  De¬ 
clining  Plain,  which  cutteth  the  Meridian  in  the  Pole 
Point.  \ 

<•  *  *w-  ■ 

Kr  *  '■*  ‘  f'  a  <  , 

IN  Declining  Reclining  Dials,  before  the  Hour-lines  can 
be  drawn,  Three  things  muft  be  given, and  Four  things 
found  ?  the  things  given  are, 

ri.  The  Latitude  of  the  place.  . 

Data  <2.  The  Declination  ofthe  Plain. 

The  Plains  Reciihation. 

The  Things  required  are, 

A 

fi.  The  diftance  of -the  Meridian  and  Horizon, 

®U£(tta  <2*  I.he  of  the  Pole  above  the  Plain. 

*  J%.  The  diftance  of  the  Subftile  and  Meridian. 

U  The  Plains  Difference  of  Longitude. 

M  2  &  Lst 


✓ 


§4 
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Let  the  Example  be  of  a  South  Plain  Declining  Eaft,  30  d. 
and  Reclining  34  deg.  32  min.  in  the  Latitude  of  Lon¬ 
don,  51  deg.  32  min. 


Firji,  Draw  the  Circle  H  A  O  R,  and  crofs  it  with 
the  two  Diameters  H  O,  the  Horizontal  Line  of  the  Plain, 
and  A  Q_R,  the  perpendicular  Line  of  the  plain,  eroding 
each  other  at  Right  Angles  in  Q_the  Centre  of  the  Plain. 


I 
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Secondly ,  Becaufe  the  Plain  Reclined  34  deg.  34.  min. 
Take  34  deg.34  min.from  your  Line  of  Chords, and  let  them 
upon  your  plain  from  A  to  a,  from  H  to  b,  and  from  R  to  c. 
Thirdly,  Lay  a  Ruler  from  O  to  <*,and  it  will  cut  the  per¬ 
pendicular  Line  of  the  Plain  in  Z  the  Zenith  or  the  place. 
Aho  a  Ruler  laid  from  O  to  b, will  cut  the  plains  perpendi¬ 
cular  in  K,  the  interfe&ion  of  the  Horizon  of  the  place, 
with  the  Plains  perpendicular.  And  a  Ruler  laid  from  O 
to  c,  will  cut  the  perpendicular  of  the  plain  A  R  (it  being 
extended)  in  N  the  Nadir  point.  Having  found  thefe  points 
upon  the  perpendicular  Line  of  the  Plain, 

Fourthly,  Through  the  points  H  K  0,draw  the  Horizon 
of  the  place.  And, 

Fifthly,  Becaufe  the  Plain  declines  30  deg.  Eaftward, 
take  30  deg.  out  of  your  Chord,  and  fet  them  from  R  to 
d,  and  from  O  to  ef  and  laying  a  Ruler  from  Z  the  Ze¬ 
nith  to  e,it  will  crofs  the  Horizon  in  E,the  Ea ft  point  there¬ 
of  and  the  Ruler  laid  from  Z  to  d,  will  crofs  the  Horizon 
in  S  the  South  poiat  thereof,  fo  have  you  found  three 
pomts,  viz .  Z  N  and  S,  through  which  you  may  draw  the 
Meridian  ,  whole  Centre  you  may  find,  as  hath  been 
before  taught :  Or  in  this  manner  } 

Divide  the  fpace  between  Z  and  N  in  two  equal  parts 
in  C,  and  through  C  draw  the  line  C  D  parallel  to 
Q_0,  extending  it,  as  you  fhall  have  occafion.  Alfo 
from  Q_->  through  E  draw  another  Right  Line  QE, 
extending  it, as  occafion  fhall  offer}  the  point  of  thofe 
two  lines  interfe&ion,  is  the  Centre  of  the  Meridian. 
Which  being  drawn. 

Sixthly,  Lay  a  Ruler  from  E  the  Eaft  point  of  the  Plori- 
zon  to  Z  the  Zenith,  and  it  will  cut  the  Plain  in  h.  And, 
becaufe  the  Pole  of  the  World  is  diftant  from  the  Zenith 
38  deg.  28  min.  equal  to  the  Complement  of  the  Latitude, 
fet  38  deg.28  min.from  A  upon  the  Plain, and  it  will  fall  juft 
upon  P, which  is  the  point  of the  plains  interleftion  with  the 
Meridian, which  demonftrates  the  pole  to  have  no  elevation 


above  the  plain,andfo  the  plain 
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Seventhly ,  Draw  the  Line  P  Q_L  for  the  Axis  of  the 
World,  and,  becaufe  the  iEquino&ial  Circle  is  in  all  parts 
diftant  from  either  Pole  90  deg.  let  90  deg.  from  P  or  L, 
to  iE}  and  through  CL,  draw  the  Line  M  Qje,  for  the  JE- 
quinoftial  Circle,  which  is  here  a  ftrait  Line, and  being  ex¬ 
tended,  would  pafs  through  the  Centre  of  the  Meridian, 
and  alfo  through  the  Eaft  and  Weft  points  of  the  Horizon, 
as  it  ought  to  do. 

The  Scheme  being  thus  projefted,  the  four  Requifites 
from  it  are  eafily  obtained.  For, 

1 .  To  find  the  difiance  of  the  Meridian ,  and  the  Horizon 
O  P.  The  Arch  O  P  meafured  upon  your  Line  of 
Chordswill contain  71  d. 5 3  min.thediftance  required. 

2.  The  height  of  the  Pole  above  the  Plain  (the  point  P) 
00  deg  00  min.  therefore  it  is  an  ffsquino&ial  Declin¬ 
ing  Plain. 

2 .  The  difiance  of  the  Subfiile  and  the  Meridian ,  the  point 
P  alio.  Therefore  that,  as  alfo  all  the  hours,  muft  be 
parallel  to  the  Subftile. 

4.  To  find  the  Plains  difference  of  Longitude^  Q_P  R.Lay 
a  Ruler  from  P  to  B,  and  it  will  cut  the  plain  in 
the  diftance  L  m  meafured  upon  your  Chord,  is  the 
plains  difference  of  Longitude  24  deg.  19  min. 

Thefe  Requifites  being  thus  found, I  will  now  (hew. 

How  the  Hour-lines  are  to  be  drawn  tqon  the  Plain. 

Pirfi ,  Draw  a  Line  as  B  A  Cfor  the  Horizontal  Line  of 
your  plain,  and  upon  any  convenient  point  therein,  as  up¬ 
on  A,  with  60  deg.  or  the  Radius  of  your  Line  of  Chords, 
defcribe  the  Semicircle  B  D  C.- 

Secondly ,  From  your  Line  of  Chords  take  71  deg.  53  m. 
the  diftance  of  the  Meridian  and  Horizon,  and  fet  them 
from  B  to  D,  and  draw  the  Line  A  D  for  the  Subftile. 

Thirdly  Take  24  deg.  19  min.  the  plains  difference  of 
Longitude,  and  fet  that  diftance  from  D  to  E,and  draw  the 
line  At'.  .  Fourthly 
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Fourthly ,  Divide  the  Semicircle  B  D  C  into  1 2  equal 
parts  at  the  points  ©  O  ©  &c.  beginning  the  divifion  at 
the  point  E. 


A  Sooth  Plain  Declining  Fuji  30  d.  Reclining  34  cl.  32  m. 


Fifthly  Tnrough  the  point  O,  (or  any  other  point  ta- 
ken  at  a!!  adventures  in  the  Subftilar  Line)  draw  a  Line 

MON  at  right  Angles  (or  perpendicular) to  the  Subftilar 
reprefenting  the  Asquinoftial.  '  ’ 

_  §ixthl;y  Lay  a  Ruler  from  A,  and  every  of  the  points 

Gcf.  ,nrhe Semicircle,  and  it  will  crofsthe  dEqui- 
noitial  tn  the  points  ***  &c.  1 

Laftly ,  If  through  thefe  points  *  **  &c.  you  draw  riohr 
snes parallel  to  the  Subftilar,  they  (hall  belhetrue  Hour¬ 
ly  b.elongjngtoyour^^ 

whexe^you  began  to  divide  your  Semicircle,  that  is  ft  the  ' 
mark  (or  )  Which  was  made  from  the  point  E.  •  ’ 

or  Wirfoflh^  ?fdhi'S  !”ay  be  either:i  ftrait  Pin 

ra2af'“ Ju) length 01  the  line  A  O,  erefted  per- 

the  v™  t™  f  T  p01nt  of  the  SubM<as  at  A  orO) 

«he  the  hour  amons 


Or 


/ 
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Or  elfe  the  Stile  may  be  a  Plate  of  Braft  or  Iron  of  the 
breadth  of  A  O,  let  perpendicular  to  the  Plain,  upon  the 
Subftilar  Line  AOD,  the  fhadow  of  whofe  upper  edge 
fliall  give  the  true  hour  of  the  day. 


The  Second  Variety, 

*  •'  i  V  - 

CHAP.  XXL  . ,  '  / 

*  "*  - ./  \  '  X  +J  V  \  £ 

*  ,  '  '  4 

How  to  draw  the  Hour-lines  upon  a  South  Reclining  Plain, 
Declining  Eaft  or  Weft,  which  pajfeth  between  the  Zenith 

and  the  Pole.  \  o 

\  v.,-  \ 

-  '  ’•  \  I.-* 

.  *  f  -  #  \  §  { • -  * 

IN  this,  as  in  all  other  Decliners  Reclining,  three  things 

mull  be  known,  and  four  muft  be  found  before  the 

drawing  of  the  Hour-lines. 

.  ....  .  .  c.  - - -  ****#*#.-.-*  - 

Let  the  Example  be  a  South  Reclining  Plain,  Declining 
Eaji  30  deg.  and  Reclining  20  deg.  in  the  Latitude  of 
5 1  deg.  3  2  min.  London. 


r  1.  Latitude  of  the  place 
Data  <2.  Declination  South  Eaft 
C3.  Reclining  South 


51  32 

30  00 
20  00 


The  diftance  of  the  Meridian  and  Horizon. 
The  height  of  the  Pole  above  the  Plain. 

The  diftance  of  the  Subftile  and  the  Meridian. 
The  Plains  difference  of  Longitude. 


Firfi,  Deforibe the  Circle  H  AO  R,  reprefenting  your 
Reclining  Declining  Plain,  and  crols  it  at  right  Angles, 
with  the  two  Diameters  A  R,  for  the  perpendicular,  and 
H  O  for  the  Horizontal  Line  of  the  Plain. 

Secondly , 
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Secondly,  Take  20  deg.  the  plains  Reclination,  out  of 
your  Chord,  and  let  them  from  A  to  a,  from  O  to  b,  and 
from  R  toe. 


Thirdly ,  A  Ruler  laid  from  H  to  a,  will  give  you  Z  the 
Zenith,  and  laid  from  H  to  b,  will  give  you  K  the  inter¬ 
feron  of  the  Horizon,  with  the  perpendicular  line  of  the 
Plain.  And  the  Ruler  laid  from  H  toe,  will  give  you N 
the  Nadir, then  through  the  points  H,  K  and  0,draw  the  Ho¬ 
rizon  HKO. 

Fourthly,  Take  30  deg.  the  Plains  Declination  out  of 
your  Line  of  Chords,  and  let  them  from  R  to  d  Weltward, 
(becaule  the  plain  declines  Eaftward)  and  alfo  from  O  toe9 
lo  a  Ruler  being  laid  from  Z  to  e.lhall  cut  the  Horizon  inE, 

N  ;  the 


,y  ;K 
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the  Eaft  point  thereof,  and  laid  from  Z  to  d,  (hall  cut  the 
Horizon  in  S  the  South  point  thereof.  Thus  have  you  three 
points  Z,  S  and  N,  through  which  to  draw  the  Meridian 
Circle,  which  you  may  extend  without  the  plain  to  P  and 
N,  occasion  lometimes  requiring  it  Ihould  be  lo. 

Fifthly^  Foralmuch  as  the  Pole  of  the  World  is  always 
diftant  from  the  Zenith^  equal  to  the  Complement  of  the 
Latitude  of  the  place,  as  here  at  London  38  deg.  28  min. 
Lay  a  Ruler  from  E  to  Z,and  it  will  cut  the  plain  in  h,  from 
whence  let  38  deg.  28  min.  to  4  So  a  Ruler  laid  from  E 
to  4>  will  cut  the  Meridian  (extended  J  in  the  point  P,  the 
North  Pole  of  the  World.  And  a  Ruler  laid  from  P  to 
Q_,  (It all  crols  the  Meridian  in  L,  the  South  Pole,  and 
the  Line  P  Q  L  (hall  be  the  Axis  of  the  World. 

Sixthly ,  Take  90  deg.  of  your  Chords,  and  let  them 
from  4  the  point,  which  found  the  Pole  at  P  to  n :  So  a 
Ruler  laid  from  E  to  #,  lhall  cut  the  Meridian  in  B, through 
which  point,  and  through  the  point  E,  the  ifquino&ia! 
Circle  muff  be  delcribed,  whole  Centre  will  be  in  the  Ax¬ 
is  P  L  extended, and  the  manner  how  to  find  it,  hath  been  « 
leverai  times  already  difcovered. 

The  Horizon^  Meridian^  and  JRquino&ial  Circles  being : 
thus  delcribed  upon  your  Plain,  by  their  interle<ftions,and 
diftances,  the  four  Requifites  belonging  to  this  Declining  . 
Reclining  Plain  may  be  obtained.  As, 

1.  To  find  the  difiance  of  the  Meridian  and  Horizon  H  V. . 
The  diftance  H  V  upon  the  Plain,  meafured  upon  the  - 
Line  of  Chords,  will  contain  78  deg.  50  min.  the  di¬ 
ftance  of  the  Meridian  and  Horizon. 

2.  To  find  the  height  of  the  Pole  or  Stile  above  the  Plain 
L  C.  Set  90  deg.  from  c  to  4  then  lay  a  Ruler  from  > 
b  to  L,  and  it  will  cut  the  Plain  at  tnyhe  diftance  from 
c  to  *v,mealured  upon  your  Chords, will  contain  13  d. 
40  min.  the  height  of  the  Pole  or  Stile  above  the 

’  Plain. 

3.  To  find  the  difiance  of  the  Sttbfiik  from  the  Meridian 

'  “  ~  ~  ‘  .  "  ' ;  Vc9 
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V  c,  meafure  the  diftance  V c  upon  the  Line  of  Chords, 
and  it  will  contain  7  deg.  30  min.  the'  diftance  re¬ 
quired. 

4.  To  find  the  Plains  difference  of  Longitude,  B  L  D.  Lay 
a  Ruler  from  L  to  R,  it  will  cut  the  Plain  in  h,  fb  the 
diftance  h  O  meafured  upon  the  Line  of  Chords,  will 
contain  28  deg.  52  min.  the  Plains  difference  of  Lon¬ 
gitude.  - 

Thus  are  the  four  Requifites  belonging  to  this  Plain 
found,  and  in  this  Example,  two  things  are  very  obfer- 
vable. 

1.  Whereas  P  the  North  Pole  of  the  World,  falls  with¬ 
out  the  plain,  and  the  point  L,  reprelenting  the 
South  Pole  falls  within  the  plain,  it  denotes,  that  the 
South  Pole  muft  be  elevated. 

2.  In  refpedt  that  the  Line  or  Arch  L  c, which  is  the  height 

of  the  Stile  or  pole  above  the  plain,  is  but  of  fmall 
Quantity,  viz*.  13  deg.  40  min.  it  will  from  thence 
follow,  that  the  lEquino&ial' s  Centre  will  be  very  re¬ 
mote,  and  that  the  Hour-lines  near  to  the  Subftile 
will  be  very  dole,  fo  that  in  fmall  Dials  their  diftan- 
ces  one  from  another  will  be  infallible  5  and  there¬ 
fore  you  may  fave  the  labour  of  defcribing  the  iEqui- 
notftial  Circle,  and  be  fatisfied  in  finding  of  the  point 
B,  by  which  the  plains  difference  of  Longitude  is 
found - -For,  in  fuch  cafes  as  this,  the  Plains  diffe¬ 

rence  of  Longitude,  the  difiance  of  the  Meridian  from 
the  Horizon,  and  of  the  Subfiles  difiance  from  the  Me¬ 
ridian,  and  the  height  of  the  Pole  above  the  Plain  being 
gained  *  you  may  proceed  to  draw  the  Dial  as  follow- 
eth,  not  much  differing  from  the  drawing  of  the  Up¬ 
right  far  declining  Dial  Chapter  VIII. 

How  to  draw  the  Hour-lines  upon  the  Plain. 

Firfil  Draw  a  right  Line  ABC,  for  the  Horizontal  Line 

N  2  “  of 
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9*  your  Plain,  and  affume  any  convenient  place  therein,  as 
"  for  a  Centre  5  upon  which  point,  with  60  deg.  of  any 
large  Line  of  Chords,  [For  it  is  neceffary ,  not  only  in  this0 
but  for  divers  other  occafions ,  to  have  fever al  Lines  or  Scabs 
of  Chords  upon  your  Ruler‘S  defcribe  the  Arch  of  the  Circle 
A  D.  Upon  this  Arch,  from  A  to  D,  fet  78  deg.  50  min. 
the  diftance  of  the  Meridian  from  the  Horizon ,  and  note 
the  point  D,  but  you  need  not  draw  the  Meridian  Line.. 

South  Declining  Ea(l  30  deg.  Reclining  20  deg. 


Secondlp 
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Secondly ,  From  D  to  E  fet  7  deg.  30  min.  the  diftance  of 
the  Subftile  from  the  Meridian-,  the  lame  way  as  you  find  it 
to  lie  in  your  projection,  and  draw  the  Line  B  E  for  the 
Subftile.  Alfo,  upon  the  tame  Arch,  fet  off  13  deg  40  m. 
the  height  of  the  Stile  from  E  to  F,  and  draw  the  line  B  F 
for  the  Stile.  Which  being  but  of  final  1  Elevation,  viz. 
13  deg.  40  min.  ought  to  be  augmented  5  and  therefore(at 
any  convenient  diftance  ( fuitable  to  the  bignefs  of  your 
Dial-plain)  draw  a  line  as  G  H,  parrallel  to  B  F,  for  your 
augmented  Stile  or  Axis. 

Thirdly ,  Through  any  two  points  taken  atadventure,in 
the  Subftilar  line,  as  K  and  L,  draw  two  righ  lines  perpen¬ 
dicular,  or  at  right  Angles  to  the  Subftilar,  as  the  Lines 
M  K  N,  and  O  L  P.  I  hen  from  the  point  K,  take  the  lea  ft 
diftance  to  the  augmented  Stile  G  H,  and  let  that  diftance 
upon  the  Subftilar  K  to  Q.  Alfo  from  the  point  L 
take  the  neareft  diftance  to  the  augmented  Stile  G  H  and 
let  that  diftance  upon  the  Subftilar  from  L  to  R.  1 
T  our t aly.  Upon  the  points  Q_and  R,  as  upon  two  Cen¬ 
tres,  with  60  deg.  of  any  of  your  Chords,  defcribe  two 
Semicircles  (or  other  portions  of  Circles)  and  in  either  of 

them  fet  28  deg.  52  min.  from  V  to  T  upon  one  of  them 
andfrom  X  to  S  upon  the  other. 

Fifthly’  Lay  a  Ruler  from  Q_to  T,  and  it  will  cm  ,he 
Tangent  Line  in  Y :  Alfo  lay  a  Ruler  from  R  to  S  it  will 
cut  the  other  Tangent  line  in  Z,  and  a  right  line  drawn 
through  the  points  1  and  Z,  (hall  be  the  Hour-lineof  t  ? 

ral'sTnd circles  inVaT"  I  ^  T’bfgin  ‘°  ,dividc  the 
-  i  J^micnuesun  12  equal  parts  or  hours,  by  taking  k  A 

of  your.Chord,  and  fetting  them  from  S  and  f  both  wlvt 

at  tne  points  000  &c.  to  many  times  as  the  phjn  J;n 
receive  Hour-lines.  Plain  WIii 

Seventhly,  Lay  a  Ruler  from  the  points  O’  and  R  to 
every  of  the  points  ©  ©  ©  in  ri  o’ 

circles  and  it  will  crofs  their  fev^r  1  m  ,r  re^Pe^lve  Semi- 
points  ST  f  Tangent  lines  in  the 

Lciflly, 
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Through  the  points  *  *  *,  in  both  the  Tangent 
lines,  draw  right  lines,  each  to  his  correfpondent,  which 
the  Hour-line  of  12  will  diredt  you  howto  do,  and  thole 
lhall  be  the  true  Hour-lines  of  your  Plain. 

For* the  Stile  of  this  Dial,  it  may  be  either  of  Wire,  or 
Plate,  containing  an  Angle  equal  to  the  height  of  the  Pole 
above  the  Plain,  but  it  muft  be  augmented  anfwerable  to 
the  augmented  Stile,  as  you  lee  in  the  Figure,  and  muft  be 
let  in  its  proper  place  upon  the  Subftilar  line,  and  allb  per¬ 
pendicular  or  Iquare  to  the  Plain,  and  fo  is  this  Dial  finilh- 
ed. 


The  Third  Variety . 


CHAP.  XXII. 

How  to  draw  the  Hour-lines  upon  a  South  Reclining  Plain, 
Declining  Eaft  or  Weft,  which  internets  the  Meridian  be¬ 
tween  the  Pole  and  the  Horizon. 


LEt  the  Example  for  this  third  and  la  ft  Variety  of  South 
Declining  Reclining  Plains,  be  of  a  South  Plain  De¬ 
clining  Eajlward  30  deg.  and  Reclining  55  deg.  in  the  La¬ 
titude  of  5 1  deg.  32  min.  viz.  London. 


■The  Latitude  of  the  Place 
Data  The  Declination  Eaft  ward 
The  Reclination 


deg.  min. 
51  32 

30  00 

55  00 


The  diftance  of  the  Meridian  from  the  Horizon. 

1  The  height  of  the  Pole  or  Stile  above  the  Plain. 
The  Subjliles  diftance  from  the  Meridian. 

The  Plains  difference  of  Longitude. 
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Firji ,  Draw  the  Circle  A  H  R  O,  for  your  Reclining 
Declining  Plain,  and  crofs  it  with  the  two  Diameters  A  R 
the  Vertical,  and  H  O  the  Horizontal  line  of  the  Plain. 

Secondly,  let  55  deg.  the  Plains  Reclination  from  A  to  a, 
and  from  O  to  b„ 


Thirdly ,  Lay  a  Ruler  from  H  to  a ,  and  it  will  give  you • 
Z  the  Zenith,  and  laid  from  H  to  h,  it  will  give  you  K,the 
point  of  the  Horizons  interfedion  with  the  Plains  Ver¬ 
tical  Line.  So  have  you  three  points  H  K  and  O, through 
which  to  defer i be  the  Horizon  of  the  place  H  K  O. 

\x-F n!tr^:  'lb  ^et  3°  deg.  the  Plains  Declination  from  R  to  c 
Welt  ward,  (becaufe  the  Plain  declines  Eaftward)and  from  ‘ 

O  to  d.  So  a  Ruler  laid  from  Z  to  c,  (hall  give  youS,  the 
interfedion  of  the  Meridian  with  the  South  point  of  the 
Horizon^  And  the  Ruler  l^id  from  Z  to  d,  (hall  give  y ou  E  • 
the  Lair  point  of  the  Horizon. 

Fifthly,  Having  the  Points  S  and  Z,  through  them  you  • 

may 
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may  draw  the  Meridian  Circle  L  S  Z  P,  as  hath  been  al¬ 
ready  (everal  ways  taught,  the  Centre  whereof  will  fall  in 

the  Line  QJE  being  extended. 

Sixthly, Lay  a  Ruler  from  E  to  Z,  andit  will  cut  the  Plain 
in  c,  from  which  point  e,  fet  38  deg.  28  min.  tog  and  a 
Ruler  being  laid  from  E  t*>  g  (hall  give  the  point  P,  upon 
the  Meridian  Circle,  for  the  Pole  of  the  World.  And  a 
Right  Line  drawn  from  P  through  Q_,  Shall  be  the  Axis  of 
the  W orld,  and  the  Subftilar  line  of  the  Dial. 

Seventhly,  Set  90  deg.  from  /  to  h,  (became  the  Mqui- 
tio&ial  Circle  is  in  all  places  90  deg.  diftant  from  either 
Pole,  P  or  L.)  So  laying  a  Ruler  from  E  to  A,  it  will  give 
you  the  point  B  in  the  Meridan, through  which,  and  E^the 
Eaft  point  of  the  Horizon,  the  JEquinotfial  Circle  muft 
pafs.  And  may  be  drawn  as  in  former  Examples,  the 
Centre  thereof  being  in  the  Axis  of  the  World.  P  L  extend¬ 
ed.  *  .  _  , 

Thefe  three  principal  Circles,  viz.  the  Horizon,  Meridi¬ 
an  and  JEquinoffial,  being  defcribed,  according  to  their 
true  Situations  upon  the  Plain,  the  fame  forementioned  Re¬ 
quisites  may  from  thence  be  eafily  deduced,  as  follow- 
eth. 

1 .  To  find  the  di fiance  of  the  Meridian  from  the  Horizon 
O  C.  The  Arch  O  C,  meafured  upon  the  Line  of 
Chords,  will  contain  6 4  deg.  41  min.  The  Subfiles 
difiance  from  the  Meridian. 

2 .  To  find  the  height  of  the  Pole  or  Stile  above  the  Plain 
P  D.  Set  90  deg.  from  D  to  £,  and  lay  a  Ruler  from 
<2  to  P,  it  will  cut  the  Plain  in  m,  the  Arch  D  m  mea¬ 
fured  on  the  Line  of  Chords,  will  contain  19  deg, 
2  5  min.  The  height  of  the  Stile. 

4 .  To  find  the  Subfile's  difiance  from  the  Meridian  C  D. 
This  Arch  meafured,  will  contain  6  deg.  2  min.  The 
difiance  of  the  Subfile  from  the  Meridian. 

4.  The  Plains  difference  of  Longitude  BPQ^  A  Ruler  laid 
from  P  to  B,  will  cut  the  Plain  in  So  the  diftance 
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F  4  meafured,  will  be  17  deg.  38  min.  The  Plains 
difference  of  Longitude.  • 

Thefe  requifites  being  thus  found,  you  may  proceed  to 
draw  the  hour-lines  in  this  as  in  other  Plains.  Firft,  by 
laying  a  Ruler  upon  P  the  Pole  of  the  World,  to  B,  in  the 
interfeftion  of  the  Meridian  and  MquinoUial ,  which  will 
cut  the  Plain  in  4,  at  which  point,  begin  to  divide  the  Se¬ 
micircle  into  12  equal  parts.  And  from  Q^,  to  each  of 
them,  lay  a  Ruler  eroding  the  Ifiquino&ial  Circle,  and  di¬ 
viding  that  into  12  unequal  parts,  to  which  unequal  parts 
of  the  JEqiiinoStidl ,  a  Ruler  laid,  it  will  divide  the  Plain 
into  12  other  unequal  parts,  through  which,  and  the  Cen- 
tree.  Q_,  right  lines  being  drawn, they  (hall  be  the  true  hour¬ 
lines  proper  for  the  Plain. 

But  in  this  Example,  the  Elevation  of  the  Pole  or  Stile 
above  the  Plain, being  but  of  an  indifferent  Elevation,^. 
19  deg.  25  min.  you  may  (if  you  pleafe)  draw  the  Hour- 
lines  by  one  Tangent  line,  and  the  Centre,  as  was  (hewed 
in  the  Second  Variety  of  Direft  South  Reclining  Plains 3 
and  as  here  followeth. 


How  to  draw  the  Hour- lines  upon  the  Plain . 

- 

:r  '  ..  ..--r  l  \ 

Firjl ,  Upon  your  Plain, towards  the  bottom  thereof  (be- 
caufe  the  North  Pole  is  here  elevated)  draw  a  right  line 
A  B,  parallel  to  the  Horizon,  and  aflame  A  for  the  Centre 
of  your  Dial,  upon  which  point,  with  60  deg.  of  your 
Cnord,  deferibe  an  Arch  of  a  Circle  B  E,  upon  which  from 
B,  fet  the  diftance  of  the  Meridian  and  Horizon ,  64  deg. 
41  min.  to  C,  and  draw  the  line  A  C  for  the  Hour-line  of 
12.  Alfo,  upon  the  fame  Arch  from  C  to  D,  fet  6  deg. 
2  min.  the  difiance  of  the  Subftile  from  the  Meridian  3  and 
draw  the  line  A  D  for  the  Subftilar.  Again,  upon  the  fame 
Arch,  fet  off  19  deg.  25  min  the  height  of  the  Stile  from 

D  to  E,  and  draw  the  Line  D  E  for  the  Axis  of  the 

Stile. 


Secondly  ^ 


O 


5>S 


Geometrical  Dialling* 

A  South ?  Plain  Declining  Ea/hvard  30  deg.  and  Re¬ 
clining  55  deg,  . 


Secondly ,  Upon  any  part  of  the  Snbftilar  Line,  ailume 
any  point  at  pleafure.  As  Fa  through  which  draw  the  right 
line  GFH  perpendicular  to  the  Subftile. 

Thirdly ,  From  the  point  Fr  take  the  neareft  difhnce  to 
the  Axis  of  the  Stile,  and  let  that  diftance  upon  the  Sub- 
Itilar  Line  flora  F  to  O ,  and  upon  the  point  O  with 
60  deg.  of  your  Chord,  defcribe  the  Semicircle  M  L  N. 

Fourthly ,  Lay  a  Ruler  from  O  to  K  (the  point  where  the 
Tangent  (or  JEquinoffial  line)  croffeth  the  Meridian)  and 
the  Ruler  will  cut  the  Semicircle  in  L,  at  which  pointbe- 
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gin  to  divide  it  into  12  equal  parts  in  the  points  000  &c. 

Fifthly,  Lay  a  Ruler  from  O  the  Centre  of  the  Semicir¬ 
cle  tothe  feveral  points  0  O  G  in  the  Semicircle,  and  the 
Ruler  will  cut  the  Tangent  line  in  the  points  *  *  *  &ci 

Lajlly ,  If  from  the  Centre  A, through  thefe  points*  *  *  &c. 
you  draw  right-lines,  they  (hall  be  the  proper  Hour-lines 
belonging  to  your  Plain. 

For  the  Stile  it  may  be  either  of  Plate  or  Wire,  elevated 
above  the  Subftile  to  an  Angle  of  19  deg.  25  min.  and  let 
up  perpendicularly  upon  the  Subftilar,  as  in  all  other  Dials. 
And  thus  have  I  done  with  all  the  Varieties  of  South  De¬ 
clining  Reclining  Plains. 


If.  Of  North  Recliners. 

The  Firft  Variety. 

CHAP.  XXIII. 


How  to  draw  the  Hour-lines  upon  a  North  Reclining  Plain, 
Declining  Eaft  or  Weft,  which  cutteth  the 1  Meridian  at 
the  Interjection  thereof  with  the  iEquino&iah 

LEt  the  Example  be  of  a  North  Plain  Declining  to  the 
Weft  60  deg.  and  Reclining  from  the  Zenith  3  2  deg. 
11  min.  in  the  Latitude  of  London  51  deg,  32  min. 


deg.  min. 


"lace 


Data  e  Plain  North  Weft  60  00 


O  2 


gn<eftta 


1 00 
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r .  The  diftance  of  the  Meridian  and  Horizon. 

2.  The  height  of  the  Pole  or  Stile  above  the  Plain. , 
Misfit  a  xhe  diftance  of  the  Subftile  and  the  Meridian. 

L4.  the  Plains  difference  of  Longitude. 


North 


Declining  Weft 
Reclining 


deg.  min. 

6o  co 
32  11 


1 
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Reclining  Plain  5  crols  it  at  right  Angles  with  the  two  Dia¬ 
meters  H  O  for  the  Horizontal,  and  A  C  for  the  Vertical 
line  of  the  plain. 

And  here  fbrVariety,  more  than  for  neceffity,  in  theie 
three  following  Examples  of  North  Recliners  Decli¬ 
ning,  I  will  (in  the  leveral  Schemes)  place  the  Zenith 
and  pole  down  wards,  becaule  the  Stile  in  all  theie 
Dials  muft  point  upwards,  the  North  pole  being  al¬ 
ways  elevated,  and  in  lb  doing,  the  Hour-lines,  Stile 
and  Subftile  will  ftand  in  the  Scheme  as  they  are  to  hand 
in  the  Dial,  and  the  manner  of  Work  will  be  the 
fame  as  before.  Wherefore, 

Secondly ,  Set  32  deg.  11  min.  the  plains  Reclination, 
from  O  to  a,  and  from  C  to  b.  A  Ruler  laid  from  H  to 
(hall  give  you  the  point  B, through  which,  and  the  points  H 
and  O,  the  Horizon  HBOisto  be  defcribed,  And  a  Ruler 
laid  from  H  to  b,  fhall  give  you  Z  the  Zenith  point. 

Thirdly ,  Set  60  deg.  the  plains  Declination  from  A  to  d, 
a  Ruler  laid  from  Z  the  Zenith,  to  d,  (hall  cut  the  Horizon 
in  S  the  South  point  thereof.  Thus  have  you  two  points 
Zand  S, through  which  to  draw  the  Meridian,  whole  Cen¬ 
tre  will  be  in  the  lineQ_E  extended,  and  may  be  found  as 
formerly  is  taught. 

Fourthly,  The  Horizon  and  Meridian  being  thus  drawn. 
Jay  a  Ruler  from  E  toZ,and  it  will  cut  the  Plain  in  e,  and 
feeing  the  pole  is  38  deg.  28  min.  diftant  from  the  Zenith, 
fet  38  deg.  28  min.  from  e  to  F,and  a  Ruler  laid  from  E  to  F, 
will  cut  the  Meridian  in  P  the  Pole  of  the  World, 
through  which  point  P,  and  the  Centre  Q.,  draw  the  line 
P  Qfor  the  Axis  of  the  World,  and  Subtitle  of  the  Dial, 
And  again, becaule  the  AHquino&ial  is  90  deg.  from  the  Pole, 
let  90  deg.  from  F,  and  they  will  reach  juft  to  AH  or  a  on  ei¬ 
ther  fide,  which  are  the  very  points  that  the  plain  cuts  the 
Meridian  in,  and  through  which  points,  and  the  pontE,in 
the  Horizon, the  iEquinoftial  Circle  muft  pals,  whole  Centre 
will  always  be  in  the  the  Axis  of  the  World  P  (^extended. 
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The  Horizon, Meridian  and  Mquino&ial being  thus  drawn 
you  may  find  the  four  Requifites  in  this  manner.  5 

1.  To  find  the  di fiance  of  the  Meridian  from  the  Horizon 
M  Q.  The  Arch  M  O  meafured  by  your  Line  of 
Chords,  will  be  found  to  contain  47  deg.  18  min. 
which  is  the  Subfiles  diftance  from  the  Meridian.- 

2.  To  find  the  height  of  the  Pole  or  Stile  above  the  Plain 
P  F.  A  Ruler  laid  from  a  to  P,  will  cut  the  Plain  in  O 
fo  the  diftance  F  O  42  deg.  52  min.  is  the  height  of 
the  pole  above  the  Plain. 

3.  The  difiance  of  the  Subfile  from  the  Meridian  £  G, 

which  meafured  upon  your  Chord,  will  be  found  to 
contain  juft  90  deg. 

4.  The  Plains  difference  of  longitude  G  P  <e}  or  the  Arch 
£  G,  as  before  alfo  90  deg.  juft. 

In  this  Scheme  two  things  are  remarkable. 

1.  The  Plains  cutting  the  Meridian  in  its  interfe&ion 

with  the  iEquinoftial.  And,  5 

2.  The  Axis  of  the  World  pafling  through  the  Eaft  point 
of  the  Horizon ,  both  which  denote  the  Plain  to  be 
polar  Declining,  and  the  Subftile  to  be  the  fame  with 
the  Hour-line  of  6.  And  the  Hour-line  of  12  at  right 
Angles  thereto,  wherefore  the  Hour-lines  may  be 
drawn,  as  followeth. 

To  dram  the  Hour- lines  upon  the  Plain. 

x 

Firfi?  Lay  a  Pvuler  from  P  to  JE,  where  the  Meridian 
and  JEquino&ial  interfeft,  which  is  upon  the  plain  at  the 
very  point  JE,  wherefore  there  begin  to  divide  the  Semi¬ 
circle  JE  G  £,  into  12  equal  parts  at  the  points  ©  ©  ©  &c. 

Secondly ,  Lay  a  Ruler  to  Q^,  and  every  of  the  points 
©  ©  ©  and  it  will  cut  the  iEquinoftial  in  the  points 
***  <fic.  dividing  that  into  12  unequal  parts. 

Thirdly ,A  Ruler  laid  to  P, and  the  feveral  points  *  *  *&c, 
in  the  ^Equino&ial,  will  cutthe  plain  in  the  marks  J  J  f  &c. 

Laflh 
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Laftly,  A  Ruler  laid  from  Q_to  thefeveral  marks  |  { J  &c. 
and  ftrait  lines  drawn  thereby,  (hall  be  the  true  Hour-lines 
fitting  this  polar  Decling  Plain. 

For  the  Stile7  it  mu  ft  be  a  Plate  or  Wire  fet  upright  up¬ 
on  the  Subftilar  to  an  Angle  of  42  deg.  52  min.  and  muft 
point  upwards  to  the  North  Pole. 


The  Second  Variety. 


chap.  XXIV. 


How  to  draw  the  Hour-lines  upon  a  North  Reclining  Plain, 
Declining  Eaft  or  Weft,  the  Plain  pajjing  through  the  Me¬ 
ridian,  between  the  Zemtlutnd  the  ZEquinodial. 

IN  this  (as  in  the  former  Examples)  three  things  muft  be 
given,  and  four  found,  before  the  Hour-lines  can  be 
drawn. 

deg.  min. 

ri.  Latitude  of  the  place  51  32 

Data  2.  The  Declination  ofthe  Plain  North  W.  60  00 

03.  The  Plains  Reclination  16  00 


£>u<ejita  ^ 


t 


1 .  The  diftance  ofthe  Meridian  from  the  Horizon. 

2.  The  height  ofthe  Pole  or  Stile  above  the  Plain. 

3.  The  Subftile  diftance  from  the  Meridian. 

4.  The  Plains  difference  of  Longitude.. 


'  Firft,  Defcribe  the  Circle  A  H  C  O  for  the  plain,  and 
crols  it  with  the  Diameters  AC,  and  H.  O, for  the  Horizon¬ 
tal  and  Virtical  lines  thereof 
Secondly ,  (As  in  the  laft  Example,) fet  16  deg,  the  Plains 

Recli- 


v*j 
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TA  North  Dial  I %ec^»g  Weft 

LKcclmwg 


Reclination,  from  O  to  a,  and  from  C  to  b,  a  Ruler  laid 
from  H  to  a,  (hall  give  the  point  B.  through  which,  and 
the  points  H  and  O,  the  Horizontal  Circle  H  B  O  is  to  be 
defcribed.  Alfo  a  Ruler  laid  from  H  to  b,  (hall  find  the 
Zenith  point  of  Z. 

Thirdly, 
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Thirdly ,  Set  the  plains  Declination  60  deg.  from  A  to  d, 
and  from  H  to  e:  So  a  Ruler  laid  from  Z  to  <d,(hall  cut  the 
Horizon  in  S  the  South,  and  laid  from  Z  to  e,  (hall  cut  it 
in  E  the  Eaft  point  thereof  3  and  now  having  two  points  Z 
and  S,  through  them  you  may  draw  the  Meridian  Circle, 
as  hath  been  already  taught. 

Fourthly,  Lay  a  Ruler  from  E  toZ,  it  will  cut  the  Plain 
in  F,  and  30  deg,  28  min.  the  Complement  of  the  Latitude 
of  the  place,  fet  from  F  to  /  and  a  Ruler  laid  from  E  to/, 
will  cut  the  Meridian  in  P  the  pole  of  the  World,  and  90  d. 
more,  being  let  forward  from  f  to  m,  and  a  Ruler  laid 
from  E  to  m,  will  cut  the  Meridian  in  JE,  the  iEquino&ials 
interlection  with  the  Meridian  3  fo  have  you  two  points  JE 
and  E,  through  which  the  JEquinoBial  Circle  mult  pals, and 
a  right  line  drawn  through  P  the  pole  of  the  World,  and 
Qjthe  pole  of  the  Plain,  will  be  the  Axis  of  the  WorId,and 
the  Subftilar  line  of  the  Dial. 

Thele  three  Circles,  viz,,  the  Horizon, Meridian,  and  AE- 
quinoBial  being  defcribed,  the  fore-mentioned  four  Requi¬ 
res  may  from  thence  be  eafily  obtained.  For, 

1 .  The  difiance  of  the  Meridian  from  the  Horizon,  is  the 
Arch  F  H,  64 deg.  29  min. 

2.  The  height  of  the  Pole  or  Stile  above  the  Plain  PR,  A 
Ruler  laid  from  £  to  P,  will  cut  the  plain  in  n  :  So 
the  diftance  R  n  mealured,  will  be  found  to  be  30  d. 
59  min. 

3 .  The  Subfiles  difiance  from  the  Meridian  is  the  Arch 
I M,  6 4  deg.  2  6  min. 

4.  The  Plains  difference  of  Longitude  is  the  Angle  JE  P  Q, 
which  to  find,  lay  a  Ruler  from  P  to  JE  3  and  it  will 
cut  the  plain  in  D,  the  diftance  D  I  mealured  upon 
the  Line  of  Chords,  will  give  76  deg.  to  min.  for  the 
Plains  difference  of  Longitude. 

To  draw  the  Hour-lines  upon  the  Plain. 

Firfi, 


P 


Firjt ,  Lay  a  Ruler  upon  P  the  Pole  of  the  World,  and 
M,  the  interle&ion  of  the  Meridian  with  the  Horizon,  and 
it  will  cut  the  plain  in  D,  at  which  point  begin  to  divide 
the  Semicircle  aim  into  1 2  equal  parts,  at  the  points 

©  ©  © 

Secondly ,  Lay  a  Ruler  from  Q_  to  the  feveral  points 
©  ©  ©  <&c.  and  it  will  divide  the  JEquinoftial  Circle  in¬ 
to  12  unequal  parts  in  the  points  ***  & c. 

Thirdly ,  A  Ruler  laid  from  P  to  every  of  thefe  unequal 
parts  *  *'*  &c.  will  cut  the  plain  in  thefe  marks  f  J  ] 
dividing  that  into  12  other  unequal  parts. 

Laflly 5  If  you  draw  right  lines  from  Q_,  through  every 
of  thefe  marks  \  ]  { <&c.  they  (hall  be  the  true  Hour-lines 
belonging  to  your  Plain. 

The  Stile  may  be  either  of  Wire  or  Plate  as  in  other 
Dials,  and  muft  be  elevated  above  the  Subftile,to  an  Angle 
of  30  deg.  59  min.  and  muft  ftand  fquare,  or  at  Right  An¬ 
gles  to  the  plain.' 

•  r  «  ?  ~  '  f  l  •  •  s  f  |  '  .  '  '  '  ‘  ’  • 

^  i  ..  :  .  £  ,  -  -  :  ■-  -•*  •  f  r  *■  •  -•  ■  '  :  -  •  f  .  '  i 
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How  to  draw  the  Hour-lines  upon  a  North  Reclining,  or  In¬ 
clining  Plain,  Declining  Eaft  or  Weft,  which  interfeffs 
the  Meridian  between  the  iEquinoftial  and  the  Horizon. 

*r  *  <  rv  -  ft*  nrt 

• .  ■  : "  t  ^  -  ■'A  ’  * 

i  ,  >  y  :  »  ■»  ^  V  .  J  S  i  h  *  ''■* 

LEt  this  third  and  laft  Example  of  North  Recliners  De¬ 
clining,  be  of  a  North  Plain,  Reclining  54  deg.  and 
Declining  Weftward  60  deg.  in  the  Latitude  of  London 
51  deg.  32  min. 

This  being  the  third  and  laft  Variety  of  Declining  Re¬ 
clining  plains,  f  (hall  be  fomewhat  the  larger  in  the  proje¬ 
ction  thereofthan  I  have  been  in  any  of  the  foregoing  5  not 

but 


,?©*f „  % 


*'  ••  -  -• 

?*•«•%  i-  ;  '  .  .•  .. 

V  ,*  ‘  • 


* 
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but  that  this  Dial  is  to  be  made  in  all  r  fpeCtslike(and  with 
the  fame  eafo)  as  the  former.  But  herein  I  {hall  (hew  at 
large  the  manner  of  projection,  and  how  all  the  Centres  are 
Geometrically  found,  and  the  reafons  of  their  being  in  fiich 
and  Inch  lines,  and  at  filch  and  fuch  diftances.  And  alfo, 
I  (hall  projeCt  all  the  Hour-lines  belonging  to  the  Plain 
upon  the  Plain  it  felf  by  circular  Lines,  by  which  means 
the  Reader  may  attain  to  a  more  competent  knowledge 
in  what  hath  been  heretofore  in  this  Treatifo  delivered. 
For  from  this  projection  following,  all  the  aforefaid  hath 
been  deduced.  And  therefore  I  (hall  defcribe  the  manner 
of  the  delineating  of  this  Dial,  according  to  the  following 
Proportion,  -  : 


PROPOSITION. 

M  -  v  i  v  >  *  \  j  J  i  .*  4  £J  .  j. 

A  Circle  being  defcribed ,  representing  a  Declining  Reclining 
Dial-Plain  $  boro  thereon  to  place  the  Meridian,  Horizon, 
iEquinoCtial,  Pole,  Zenith,  &c.  with  all  other  Requifites 
belonging  to  fitch  a  Dial.  And  alfio ,  to  proje&  the  Meridi¬ 
ans  of  the  Sphere  it  felf  upon  the  Plain,  and  from  thence 
to  draw  the  Hour-lines  upon  the  Dial-plain,  according  to 

their  true  Situation. 

* 

LEt  the  Circle  H  S  O  B,  reprefont  a  Dial-plain  in  the 
Latitude  of  London  51  deg.  32  min.  Declining  from 
the  North  towards  the  Weft  60  deg.  00  min.  and  Recli¬ 
ning  from  the  Zenith  Northward  54  deg.  00  min. 

Firft,  Crofs  the  Circle  with  the  two  Diameters  H  O, 
and  S  B,  cutting  each  other  at  Right  Angles  in  the  Centre 
Q.  And  becaufe  the  plain  reclineth  54  deg.  30  min.  take 
54  deg.  30  min.  out  of  your  Line  of  Chords,  and  fot  that 
diftance  upon  your  plain,  frm  S  to  <*,  from  O  to  b,  and 
from  B  to  a  Then  lay  a  Ruler  from  H  to  a,  and  it  will  cut 

Pa  .  the 
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the  Line  S  Bin  Z,  lo  (hall  the  point  Z  be  the  Zenith  of  the 

place. 

Secondly ,  Lay  a  Ruler  from  H  to  />,  it  will  cut  the  Line 
S  Bin  4,  lo  (hall  4  be  a  point  in  the  lineS  B,  through  which 
the  Horizon  (hall  pafs:  And  thus  having  three  points  H  4.0, 
you  may  through  them  delcribe  the  Horizon, whole  Centre 
will  be  at  the  diftance  m  4  being  equal  to  the  Secant  of 
the  Complement  of  the  Reclination  of  the  Plain  3  namely, 

36  deg.- - Or  Geometrically  thus.  Draw  the  right  line 

4.0,  which  divide  into  two  equal  parts  in  #,and  upon  the 
point  »,  raifea  perpendicular  nm,  extending  it  till  it  cut  the 
line  S  Bin  «*,  lo  (hall  m  be  the  Centre  of  the  Horizontal 
Circle  H  40. 

Thirdly ,  Lay  a  Ruler  from  H  to  c,it  will  cut  the  line  SB 
(being  extended)in  the  point  N,fo  (hall  N  be  the  Nadir  point. 

Fourthly ,  Becaule  the  Plain  declines  60  deg.  from  the 
North  Weftward;  let  60  deg.  from  B  to  d,  and  laying  a 
Ruler  to  Z  the  Zenith,  (which  is  alio  the  Pole  of  the  Hori¬ 
zon  )to  d ,  it  will  cut  the  Horizon  in  S,through  which  point 
the  Meridian  muft  pals. 

Fifthly ,  Take  (always)  90  deg.  of  your  Chord,  and  let 
that  diftance  from  d  to  e,  and  laying  a  Ruler  from  Z  to  e,  it 
will  cut  the  Horizon  in  W  the  Weft  point  thereof)  and  a 
line  drawn  fromW,  through  Q_the  Centre  of  your  plain, 
will  cut  the  Horizon  (if  yon  extend  it  as  here  is  done)  in 
E,  the  Eaft  point  thereof,  and  in  fome  part  of  this  line  (ex¬ 
tended  if  need  require)  will  the  Centre  of  the  Meridian  be, 
and  where  that  point  will  fall  may  be  thus  found. 

Sixthly ,  Divide  the  line  Z  N  into  two  equal  parts  in  F, 
and  upon  F  ereft  the  perpendicular  F  D,  cutting  the  Line 
QW  (extended)  in  D,  lb  (hall  Dbe  the  Centre  of  the  Me¬ 
ridian  of  the  place. 

'  Seventhly ,  If  with  your  Compaffes  you  take  the  diftance 
D  P,  and  with  that  extent  upon  D,as  a  Centre,  delcribe  a 
Circle,  you  (hall  find  that  Circle  exactly  to  pals  through  the 
refpeftive  points  ZandN,if  there  be  no  former, errour  com¬ 
mitted  in  your  work.  ■  Eighthly^ 
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Eighthly ,  Becaule  the  height  of  the  Pole  above  the  Ho¬ 
rizon,  is  equal  to  the  Latitude  of  the  place,  viz.  at  Lon¬ 
don  51  deg.  32  min.  fet  off  51  deg.  32  min.  upon  the  Me¬ 
ridian  from  S  to  P,  in  this  manner. 

Ninthly^  Lay  a  Ruler  from  W,  the  Weft  point  of  the 
Horizon,  (which  is  alfo  the  Pole  of  the  Meridian )  toS  and 
it  will  cut  the  Plain  in  />, then  let  5 1  deg  32  min.  from  htof, 
A  Ruler  laid  from  W  to  /  it  will  cut  the  Meridian  in  P, 
lo  is  P  the  Pole  of  the  World,  diftant  from  Z  the  Zenith, 
38  deg.  28  min.  and  a  Line  drawn  through  P  the  Pole  of 
the  World,  and  the  Centre  of  the  Plain,  will  be  the 
Axis  of  the  World,  and  (extended)  will  cut  the  Meridian 
in  M  the  South  Pole. 

Tenthly ,  The  Meridian  and  Horizon  being  thus  drawn, 
it  is  eafie  to  delcribe  the  lEqainoBial ,  for  if  you  confider 
the  pofition  of  that  Circle  in  the  Sphere  it  lelf,  you  know 
that  it  always  pa  lies  through  the  Eaft  and  Weft  points  of 
the  Horizon ,  and  cutteth  the  Meridian  at  right  angles,  it 
being  in  all  places  90  deg.  diftant  from  either  of  the  Poles. 
Wherefore,  if  upon  W,  (the  Pole  of  the  Meridian )  you 
lay  a  Ruler  to  P,  the  Pole  of  the  World,  it  will  cut  the 
Plain  in/,  and  if  you  fet  90  deg  from  /  tog,  and  lay  a 
Ruler  from  W  to  g,  it  will  cut  the  Meridian  in  /£,  Co  have 
you  three  points, through  which  the  /Equinoctial  mull  pals, 
namely  E  M  and  W,  and  the  Centre  of  the  iEquinoCtial  will 
always  be  in  the  Axis  ofthe  World, extended  if need  require. 
To  find  which,  you  mu  ft, 

Eleven  thly.  Divide  the  Line  WE  into  two  equal  parts  in 
G,and  from  the  point  G,upon  the  line  E  W,  ereCt  the  per¬ 
pendicular  G  K,  cutting  the  Axis  of  die  World  in  K,  lb 
(hall  K.  be  the  Centre  of  the  /Equinoctial,  wherefore,  if 
upon  K.  as  a  Centre,  with  the  diftanee  K  W,  you  deferibe 
a  Circle,  that  (hall  be  the  /Equinoctial,  and  (if  your  work 
be  true^)  (hall  pals  through  the  points  E  JSand  W:  Then 
for  the  dividing  of  the  iEquinoCtial, 


Tmlfthh, 
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Twelfthly ,  Lay  a  Ruler  to  P  the  pole  of  the  World, 
(which  is  al(o  the  pole  of  the  iEquino&ial)to  iE,  the  inter- 
fedtion  of  the  Meridian  and  iEquino&ial,and  it  will  cut  the « 
plain  in  the  point  12  at  which  point  you  rauft  begin  to  di¬ 
vide  the  Circle  reprelenting  your  Reclining  Declining 
plain  into  24  equal  parts  at  the  points  0  0  0  &c.  This 
done,  lay  the  Ruler  to  the  point  P,  and  every  of  the  24  e- 
qual  parts  O  0  0,  and  you  fhall  find  it  to  cut  the  iEqui- 
nodtial  Circle  in  the  points  *  **  *  <&c.  dividing  that  Cir¬ 
cle  into  24  unequal  parts,  through  which  unequal  parts, 
and  the  two  poles  of  the  World  P  and  M,  mu  ft  all  the 
Hour-Circles  pafs.  For  the  delcribing  whereof  you 
mu  ft, 

Thirteenthly ,  Divide  the  line  P  M  into  two  equal  parts 
in  the  point  L,  for,  from  the  point  D,  the  Centre  of  the 
Meridian,  let  fall  a  perpendicular  upon  the  Axis  of  the 
World,  which  will  fall  in  the  lame  point  L,3  and  through 
the  point  L,  draw  an  infinite  right  line  at  right  angles  to 
P  M,  namely,  the  Line  C  T,for  in  that  line  will  the  Centres 
of  all  the  Hour-circles  be  found,  and  the  manner  how  to 
find  them,  is  thus  (one  way )  to  be  effe&ed. 

Fourteenthly ,  Upon  the  point  P  as  a  Centre,  at  the  di- 
ftance  P  L,  [or  to  any  other  Radius  of  a  Line  of  Chords^ 
defcribe  the  Semicircle  X  L  V,  and  divide  it  into  12  equal 
parts  at  the  points  •  •  •  •  &c.  beginning  your  divifion  at  the 
point  ),  which  is,  where  the  Ruler  being  laid  from  P  toD 
(the  Centre  of  the  Meridian)  cuts  this  laft  drawn  Circle. 
Then  laying  a  Ruler  from  P,  upon  each  ofthele  divifions, 
you  fhall  find  it  to  cut  the  line  C  T  in  the  points  15,30,45, 
60,  &c.  on  either  fide  of  the  point  D.  And  here  note, that 
15  is  the  Centre  of  the  firft  hours  diftance  from  the  Meri¬ 
dian  on  either  fide  thereof,  30  the  Centre  of  the  fecond,and 
45  of  the  third  hours  diftance  from  the  Meridian ,  &c. 

Fifteenthly ,  If  you  place  one  foot  of  your  Compafies  up¬ 
on  1 5, and  extend  the  other  to  P  the  Pole  of  the  World, and 

with  that  diftance  defcribe  a  Circle,  that  Circle  fhall  be 

the 
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the  fir  ft  hour  from  the  Meridian ,  and  (if  your  work  be 
truejfhall  pafs  through  M  the  South  Pole, and  alfo  through 
©  <p,  'the  two  firft  unequal  divifions  of  the  Aiquinoftial  Cir¬ 
cle,  and  lb  all  the  reft. 

Lafily ,  If  from  Qjthe  Centre  of  your  Plain,  and  the  re- 
fpeftive  points  where  the  Hour-circles  cut  the  Plain,  you 
draw  ftrait  lines,  thole  (hall  be  the  true  Hour-lines  proper 
for  fuch  a  Declination  and  Reclination,  as  you  formed  your 
projection  for. 


Now  the  Requires  belonging  to  this ,  and  the  like  Declining 

Reclining  Plains^  are* 


1.  The  height  of  the  Pole  above"5 
the  Plain. 

2.  The  diftance  of  the  Meridian 
and  Horizon. 


deg.  min* 

rp  A  54  43 


repre- 


3.  The  diftance  of  the  Subftile  j’  ^nte<^  ^ 


from  the  Meridian. 

4.  The  Angle  between  the  two 
Meridians. 


by 


Hr  53  31 
r  A  5  6  41 
iEPR  61  47 


All  which  may  be  meafured  upon  the  projection,  and  lo 
their  quantities  found.  As, 

1.  To  find  P  A,  Lay  a  Ruler  from  P  to  where  the 
JEquino&ial  and  the  plain  do  in  ter  left,  and  the  Ruler 
will  cut  the  plain  on  the  other  fide  ar  x,  lb  A  x  mea¬ 
fured  upon  the  Line  of  Chords,  will  be  54  d.  43  m. 
the  height  of  the  pole  above  the  Plain,  [or  P  Qjnea- 
fured  upon  a  line  of  half  Tangents,  will  contain  35  d, 
1 7  min.3  the  Complement  thereof 

2.  To  find  H  r,  the  arch  H  r  mealured  upon  the  Line  of 
Chords,  will  give  5  3  deg.  31  min.  the  diftance  of  the 
Meridian  from  the  Horizon. 

3.  To  findT  A, the  Arch  r  A  meafured  upon  the  Line  of 

Chords 
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Chords,  will  give  5  6  deg.  41  min.  the  diftance  of  the 
Subftile  from  the  Meridian 

4.  To  find  JE  P  Lay  a  Ruler  to  P  the  Pole  of  the 
World,  and  JE  the  interfe&ion  of  the  Meridian  and 
the  CEquinoCtial,  and  it  will  cut  the  plain  in  0, the  arch 
G  B,  meafured  upon  the  Line  of  Chords, will  be  found 
to  contain  61  deg.  47  min.  which  is  the  Angle  between 
the  two  Meridians. 

Thus  have  you  in  this  Scheme  delivered  the  true  and  ge¬ 
nuine  way  of  delineating  of  Sun  Dials  deduced  from  the 
Sphere  it  felf,  by  which  the  reafon  of  all  that  hath  been  be¬ 
fore  delivered,  is  rend  red  obvious,  and  fufficiently  demon- 
ffrative  for  this  place.  But  here  you  fee  that  the  Centres 
of  the  Meridians  or  Hour-circles  fall  out  to  be  very  remote, 
and  that  there  will  be  required  a  large  Tangent  line  for  their 
defoription, which  will  (Tor  the  moft  part)run  out  very  far, 
and  fometimes,  almoft  to  an  infinite  excurfion.  I  therefore 
chofe  rather  to  (hew  how  the  Hour-lines  might  be  drawn 
without  having  any  regard  to  this  Tangent  line, or  without 
projecting  of  the  Hour-lines  upon  the  Circular-plain,  and 
therefore  the  waysbefore  delivered  are  far  more  apt  for  pra¬ 
ctice  than  this,  though  this  be  more  fatisfaCtory  to  the  in- 
quifitive  Reader,  who  will  not  be  fatisfied  only  with  the 
doing,  but  of  the  underftanding  as  well  of  what  he  does, 
and  it  is  for  the  iatisfaCtion  of  fuch,  that  I  have  here  added 
this  Propofition. 


CHAP.  XXVII. 

Concerning  Inclining  Plains ,  both  DireU  and  Declining. 

OF  Reclining  Plains  there  are  but  two  forts, as  hath  been 
before  inftanced,  and  thofe  are  either  D'treU  or  De¬ 
clining.  The  DireCt  are  thofe  Reclining  Plains  which  do 
direftly  behold  the  Eajl ,  Weft,  North ,  or  South  points  of  the 

Horizon. 
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Horizon.  And  the  Declivers  are  thole  which  (befides  their 
Reclination  from  the  Zenith)  do  refpett  two  of  the  fore- 
mentioned  Cardinal  points,  as, 

(i.)  The  South  and  the  Weft. 

(2.)  The  North  and  the  Weft. 

(3.)  The  South  and  the  Eaft. 

Or,  (4.)  The  North  and  the  Eaft. 


I  alfo  before  intimated,  and  gave  Examples,  that  of  di¬ 
rect  Recliners,  there  were  three  forts,  viz. 

r.  Such  as  Reclining  from  the  Zenith,  do  behold  either 
the  due  Eaft,  or  due  Weft  points  of  the  Horizon  5  and  of 
this  fort  there  is  only  one  kind, and  no  Variety  in  any  cafe. — 
2.  South  Rediners,  of  which  there  are  three  Varieties.—— . 
And  3.  North  Recliners,  of  which  alfo  there  are  three 
Varieties. 

Again,  of  Reclining  Declining,  I  told  you  there  were  fix 
Varieties  alfo,  as  there  were  of  Direft  Recliners,  viz.  Three 
of  South  Declining  Plains  Reclining,  and  as  many  of  North 
Reclining  Declining  Plains ,  of  all  which  I  have  given  Ex¬ 
amples,  and  it  may  be  now  expe&ed  that  I  fhould  do  the 
like  for  the  Inclining  Plains  oppofite  to  them, .  of  which 
there  are  alfo  as  many  Varieties,  but  feeing  that  the  making 
of  the  Reclining  Dial,  whether  Direft  or  Declining  doth 
alfo  make  the  Inclining  Dial,  whether  Direft  or  Declining 
oppofite  thereunto,  I  lhall  fave  the  labour,  and  commend 
to  the  ingenious  Reader  fome  few  Rules  by  which  he  (hall 
eafily  frame  the  Inclining  Dial  out  of  the  Recliner.  And, 
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I.  Of  North  and  South  Inc  liners. 
I  will  take  for  Ex¬ 


ample  a  South  Plain 
Reclining  55  deg. 
which  is  the  Third 
Variety  of  South  Re¬ 
el  iners,  and  I  would 
from  that  deduce  the 
Hour-lines  proper  for 
a  North  plain  Inclin¬ 
ing  as  much,  viz.  55 
deg.  And  it  is  eafily 
effected.  For, 

If  you  draw  the 
Hour-lines  of  the 
South  Recliner  6  A 
B  6  ,  and  the  Stile 
thereof  alfo ,  quite 
through  the  Centre 
Cb  to  the  oppofite 
part  ofthe  Plain,  6  C 
D  6,  and  fet  the  fame 
numbers  to  the  hours  on  the  right  hand  in  the  Recli¬ 
ner,  and  the  contrary,  as  the  Figure  clearly  demonftrates  • 
And  let  the  Axis  in  the  North  Incliner  point  downwards 
to  the  South  Pole,  as  the  Axis  in  the  South  Recliner  doth 
upwards  to  the  North  Pole,  and  your  Dial  is  finifhed.  Or 
you  may  effeft  this  work  by  pricking  off  the  Hour-lines 
through  the  Paper,  and  turning  it  upfide  down,  and  that 
will  effeft  the  lame  thing,  only  changing  of  the  names  of 
the  hours.  Or  again,  if  you  turn  the  South  Reclining 
Plain,  6  A  B  6  about,  upon  the  Centre  Q^,  till  the  Line 
A  B  come  to  be  in  the  place  of  C  D,  then  will  the  Hours, 
Stile  and  all,  be  truly  named  and  pofited  3  and  the  very 
South  Recliner  will  now  become  the  North  Incliner  with¬ 
out  any  Alteration. 

110/ 
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1 I.  Of  Eaft  and  Weft  Incliners. 

There  is  little  difference  in  drawing  of  the  Eaft  or  Weft 
Inclining  Dials  from  the  Reclining  Dials  opposite  to  them, 
than  there  was  of  drawing  of  the  North  Incliner  before, 
from  the  South  Recliner;  For, 

In  the  Example  of  the  Eaft  and  Weft  Reclining  and  In¬ 
clining  Dial,  before  going  Chapter  10.  The  Dial  as  it 
there  ftands,  reprefents  an  Eaft  or  Weft  Reclining  Plain. 
But  if  you  turn  the  Dial  about  upon  the  Centre  Q,,  till  the 
letter  N  come  to  be  in  the  place  of  the  letter  S,  in  that  Fi¬ 
gure,  then  will  the  fame  Dial  reprefent  both  an  Eaft  and 
Weft  Dial  Inclining  35  deg.  as  now  it  doth  an  Eaft  or  Weft 
Reclining  as  much.  The  Subftile,  Stile,  Meridian,  and  the 
reft  of  the  Hour-lines  retaining  the  fame  names  or  deno¬ 
minations,  as  now  they  do. 

III.  Of  North  or  South  Declining  Inclining  Plains , 

Of  North  and  South  Reclining  Declining  Plains,  there 
were  Six  Varieties,  Examples  of  each  have  been  largely  gi¬ 
ven.  There  are  as  many  of  North  and  South  Incliners,  but 
feeing  they  may  befb  eafily  deduced  out  of  their  opposite 
Recliners,  I  fhall  forbear  giving  examples,  and  the  way  is 
not  much  differing  from  the  Rules  before  given  for  Direffc 
Reclining  and  Inclining  Plains.  For  feeing  the  Reclinati- 
on  is  alike  proper  to  each,  and  the  Deflexion  of  the  Sub¬ 
ftile  from  the  Meridian  in  the  Declinations  do  fo  direftly 
agree,  they  may  both  be  reduced  to  one  and  the  fame  Dial 
as  the  other  were. 

Thus,  If  any  Reclining  Dial  be  fo  inverted,  that  the  up¬ 
per  part  thereof,  become  the  nether,  and  after  this  inverfion 
the  right  fide  of  the  Recliner,become  the  left  fide  of  the  In¬ 
cliner, and  the  contrary,  the  Inclining  Dial  having  the  fame 
declination, fhall  be  framed  out  of  the  Recliner, and  the  con¬ 
trary.  Only  the  denominations  of the  Hours  muft  be  chang¬ 
ed.  For  the  Forenoon  hours  in  the  Recliner,  will  be  the 
Afternoon  hours  in  the  Incliner,  and  the  Afternoon  hours 
of  the  upper  Dial,  the  Forenoon  hours  of  the  nether. 
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CHAP.  XXVIII.. 

A  General  Rule  to  know  which  Pole,  whether  the  North  or  the 

South  is  to  he  elevated  over  any  Plain. 

THe  Stile  of  every  Dial  refpe&eth  (or  rather  lieth  pa¬ 
rallel  with)the  Axis  of  the  World, and  always  point- 
eth  upwards  or  downwards,  to  one  of  the  Poles.  Now 
when  you  have  drawn  your  Dial  (though  truly)  you  may 
be  to  feek,  whether  it  it  be  the  North  or  the  South  Pole 
that  muft  be  elevated  5  wherefore  to  avoid  any  miftake, 
and  to  inform  you  which  Pole  is  to  be  elevated.  Obferve 
this  General  Rule. 


Upon  all  Upright  Plains,  f  South  p  7  South  p 

whether  direft  or  de-<  S»fide  the>*  S>Pole>. 
dining,  upon  the  CNorth->  j North  j 


Upon  all  Eaft 
and  Weft 


'Reclinersl  [North) 

•  ^  _  J  fL 


,  j>the1  i 

.1  ncliners  j  (South  j 


>  Pole. 


[North  Recliners)  whether  )  North) 

Upon  all <5  [ Direft or  >  ■’Pole., 

[South  Incliners  j  Declining)  South  J 


South  Re¬ 
cliners 

North  In¬ 
cliners 


f  if  the  ^Zenith 
NPlain  f 

•Axtfsbe-p-Nadir 
)  tween  ( 

Lthe  J  Horizon 


Pole. 


This  Rule  being  duly  obferved, there  will  be  no  difficulty 
to  find  which  Pole  is  elevated. 
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GEOMETRICALLY  Performed. 


PART  II. 


IN  the  foregoing  Firft  Part,  you  have  a  molt  abfolute 
and  perfeft  way  of  delineating  of  Sun-Dials  upon  all 
forts  of  Plain  Superficies  in  what  pofition  foever  fituate, 
and  in  any  Latitude,  whether  the  Plains  be  DireB,  or  do 
Decline ,  or  whether  they  both  Decline  or  Recline :  And  al¬ 
io  you  may  there  find,  not  only  the  manner  how  to  make 
Dials,  but  to  know  the  Grounds  and  Reajon  of  Dials ,  de¬ 
duced  from  the  Sphere  or  Globe  proje&ed  in  piano,  upon  the 
Dial-Plains  Superficies. 

But  notwithstanding  the  Exadtnels  and  Rationality 
of  delineating  of  Hour-lines  upon  all  Plains ,  and  in 
all  Places,  as  is  before  taught 5  yet  the  ways  there 
delivered,  may  (in  fome  cafes,  at  fome  times  J  be  found 
inconvenient  to  put  in  practice :  As  (1)  When  the  Cm* 
ires  of  fome  of  the  Circles  fall  out  to  be  very  remote. 

.  (2)  When: 


1 18  Geometrical  'Dialling . 

(2)  When  the  unequal  Divisions  of  the  Mquino&ial  Cir¬ 
cle  come  very  near  or  clofe  together,  which  they  will  al¬ 
ways  do,  when  the  Pole  hath  but  fmall  Elevation  above 
the  Plain,  and  fitch  like.  For  the  removal  of  which  In-  « 
conveniences,  I  {hall  in  this  Second  Part  add  another  Geo¬ 
metrical  Way  of  Dialling ,  which  {hall  be  both  Plain, Eahe, Ex- 
aft, and  of  Quick  difpatch  ,and  all  of  it  performed  by  ftrait 
Lines,  and  not  by  Circular  Lines,  as  the  former  way  re¬ 
quires.  And  moreover,  this  Second  Way  hath  a  Conveni¬ 
ence,  which  molt  other  Geometrical  ways  of  Dialling  are 
culpable  of,  namely,  to  out-run  the  Limits  of  the  Plain,, 
by  almoft  infinite  Excurfions :  For  in  this  way,  having 
firft  made  a  Preparative  Scheme  upon  Paper  (or  Pa{f board 
rather)  you  {hall  have  very  few  Lines  to  draw  upon  the  Di¬ 
al-plain  but  the  Hour-lines  themfelves. 

In  this  Second  Way ,  I  {hall  be  brief,  beginning  firft  to 
fheW  how  to  defcribe  the  Hour-lines  upon  Upright  Decli¬ 
ning  Plains ;  referring  the  delineation  of  Hours  upon  the 
Horizontal  full  North,South,  Eajl  and  Wejl  Plains  (whether 
Upright  or  Reclining) till  afterwards:  And  the  Reafon  for 
my  fo  doing,  will  of  it  felf  appear,  when  I  {hall  come  to 
treat  of  them.  Wherefore  to  proceed, 


Se&ion  I. 

How  to  draw  Hour-lines  upon  an  Upright  South  Plain  Decli¬ 
ning  from  the  South  towards  the  Wejl  20  deg.  in  the  Lati¬ 
tude  of  London  51  deg.  32  min. 

w  TAving  the  Latitude  of  the  Place,  and  the  Declination 
!~j|  of  your  Plain  given,  before  you  come  to  draw  the 
Hour-lines  upon  the  Plain,  you  muft  firft  draw  your  Pre¬ 
parative  Scheme^  as  followeth. 


I.  How 
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I.  How  to  draw  a  Preparative  Scheme  fuitable  to  any 

Declination  in  any  Latitude. 

FirJlj  With  60  deg.  or  the  Radius  of  your  Scale  of 
Chords,  defcribe  the  Quadrant  of  a  Circle  ABD,  exten¬ 
ding  the  fide  B  A  to  C,  fo  that  A  C  be  equal  to  A  B;  And 
then  draw  the  right  line  D  C. 

Secondly ,  On  the  point  B ,  ereft  the  perpendicular 
B  m. 

Thirdly i  Take  5 1  deg.  go  min.  (the  Latitude)  out  of 
your  Scale  of  Chords,  and  let  them  from  B  to  F,  and  from 
D  to  G,  and  laying  a  Ruler  from  A,  to  F  and  G,  draw  the 
two  Lines  F  K,  and  G  I. 

Fourthly,  From  the  point  G,  draw  the  Line  G  H,  paral¬ 
lel  to  D  A,  or  perpendicular  to  B  A. 

Fifthly,  Take  20  deg.  (the  Plains  Declination)  out  of 
your  Scale  of  Chords,  and  fet  them  from  D  to  E,  and 
through  the  point  E,  draw  the  Line  E  L ,  parallel  to 
D  A. 

Sixthly,  With  60  deg.  (or  the  Radius  of  your  Scale  of 
Chords)  taken  in  your  Compaffes,let  one  foot  in  the  point 
D,  and  with  the  other  delcribe  the  Arch  A  O,  which  di¬ 
vide  into  three  equal  parts,  in  the  points  P  and  Q_,  for  the 
whole  hours,  each  of  which  three  Hour-fpaces  A  P,  P  Q_, 
and  Qj3,  divide  into  four  equal  parts  at  *  *  *,  ***,.  ***, 
for  halfsand  quarters  of  hours.  Which  done,  if  you  lay  a 
Ruler  to  the  point  D,  and  the  points  P  and  Q_,  the  Ru¬ 
ler  will  cut  the  Line  A  C  in  the  points  2  10,  and  1  1  i  ,and 
by  thele  points  the  Line  A  C  is  divided  into  four  unequal 
parts  in  the  points  39, 2  10,  1  Hand  12,  reprelenting  three 
hours.  And  if  from  D, you  lay  a  Rulerover  the  feveral  points 
*  *  *  &c.  they  (hall  divide  the  feveral  fpaces  in  the  Hour¬ 
line  AC  into  four  unequal  parts  for  halfs  and  Quarters  of 
Hours.  And  thus  is  your  Preparative  Scheme  fo  far  finifhed. 
Wherefore  now  let  us  proceed., 
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IT.  To- 
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II.  To  draw  the  Meridian ,  Stile ,  Subfile,  and  Hour-lines 

upon  the  Plain  it  felf. 


Firfi,  Upon  your  Dial-plain,  draw  a  Right  Line  as  S  T, 
for  the  Meridian ,  and  Hour-line  of  12.  Upon  which,  afi- 
fign  any  convenient  point,  asR,  for  the  Centre  of  your 
Dial  5  through  which  point  R,  draw  the  Line  R  W,  per¬ 
pendicular  to  S  T. 

Secondly,  Out  of  your  Preparative  Scheme  take  the  Line 
B  K,  and  fet  it  upon  your  Dial-plain,  from  R  to  Tj  alio, 
from  the  Preparative  Scheme,  take  B  I,  and  let  it  on  your 
Dial-plain  from  R  to  W,  on  the  right  hand,  becaufe  the 
Plain  declineth  Weft,  and  from  T  to  V,  make  the  Reift- 
angled  Parallelogram  R  W  T  V  on  the  Eaft  fide. 

Thirdly,  Out  of  the  Preparative  Scheme,  take  the  Line 
L  A,  and  let  it  upon  the  Dial-plain  from  T  toX,  and  from 
W  to  ®,  and  draw  the  Lines  R  X  for  the  Subftilar  Line, 
and  R  ©  for  the  Hour-line  of  Six,  which  draw  quite 
through  the  Centre  R. 

Fourthly,  Out  of  your  Preparative  Scheme,  take  the  Line 
E  L,  and  let  it  upon  your  Dial-plain  from  R  to  12,  and 
from  X  to  Y,  perpendicular  to  R  X,  and  draw  the  Line 
R  Y  for  the  Axis  (or  Stile  of  your  Dial.J 

Fifthly,  Out  of  your  Preparative  Scheme ,  take  the  line 
G  H,  and  let  it  on  your  Dial-plain  from  R  to  Z,  and  draw 
the  line  Z  6 ,  parallel  to  W  Y,  till  it  cut  the  Hour-line  of 
Six  in  6. 

Sixthly ,  Make  R  6  above  the  Centre,  equal  to  R  6  be¬ 
low  the  Centre,  and  draw  the  two  Lines  126,  and  126. 

Seventhly ,  Out  of  your  Dial-plain,  take  the  length  of 
the  Lines  126,  and  126,  and  let  them  upon  the  Prepa¬ 
rative  Scheme  from  B  to  b,  and  from  B  to  a.  And  laying 
a  Ruler  from  C  to  a-,  draw  the  Lines  M  C,  and  N  C. 

Lajlly,  From  the  point  A  or  3, 9,  take  the  neareftdiftance 
to  the  Line  N  C, and  fet  that  diftanceupon  your  Dial-plain 

from 
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from  12  to  9,  or  from  6  to  9,  for  it  will  (if  you  work 
truly)  divide  the  Line  6,  12  into  two  equal  parts  in  9.  Al- 
fo  (et  one  foot  of  the  Compa fifes  in  the  point  2,  10  in  the 
Line  A  C  of  the  Preparative  Scheme ,  with  the  other  take 
the  neareft  diftance  to  the  Line  N  C,  and  let  that  diftance 

upon  your  Dial-plain ,  from  12  to  8, and  from  6  to  10. - 

Again, fetting  one  foot  of  the  Compafifes  in  the  point  1,  1  r, 
in  the  Line  A  C  of  the  Preparative  Scheme,  with  the  other, 
take  the  neareft  diftance  to  the  Line  N  C,  and  fet  that  di¬ 
ftance  from  12  to  11,  and  from  6  to  7.  So  is  the  longer 
Line  6,  12  on  your  Dial-plain ,  divided  into  Six  unequal 
parts  in  the  points  7,  8,  9,  10  and  113  through  which 
points,  Lines  drawn  from  the  Centre  R,  (hall  be  the  true 
pore-noon  Honrs. 

For  the  Afternoon  hours, the  (horter  Line  12,  6.  on  your 
Dial-plain,  muft  be  divided  from  the  Line  A  C  in  the  Pre¬ 
parative  Scheme-,  as  the  longer  Line  12,  6  was  before  divi¬ 
ded  5  by  taking  the  lea  ft  diftance  from  A  or  9, 3  to  the  line 
M  C,  and  fetting  it  from  12  to  3,  or  from  6  1 03. - -  Al¬ 

fa  the  leaft  diftance  from  2,  10,  to  M  C,  in  the  Preparative 
Scheme,  will  reach  from  12  to  2, and  from  6  to  4. —  Like- 
wife  the  leaft  diftance  taken  from  1,  11,  to  the  Line  M  C, 
in  the  Preparative  Scheme,  will  reach  from  1 2  to  1,  and 
from  6  to  5.  So  is  the  {horter  Line  12  6,  on  the  Dial- 
Plain,  divided  into  -fix  unequal  parts  in  the  Points  1,  2, 
3,  4,  5.  Through  which  points,  and  the  Centre  R,  right 
Lines  being  drawn, they  {hall  be  the  true  Afternoon  Hour¬ 
lines  upon  the  Plain.  And  fo  is  your  Dial  finiftied. 

If  you  would  infert  the  Halfsand  the  Quarters  of  Hours 
into  your  Plain,  you  may  eafily  do  it,  if  from  the  Prepa¬ 
rative  Scheme  you  take  the  neareft  diftance  from  the  Half 
and  Quarter  points  in  the  Line  A  C,  and  transfer  them 
to  the  Lines  12,  6 ,  and  12,  6,  in  the  Dial-Plain, 
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Se$ion.  I  I.  - 

How  to  defer ibe  Hour-lines  upon  the  Horizontal  Full  Souths 

North ,  Eaf  and  W  f  Ere&  or  Reclining  Plains . 

* 

IN  thefe  kind  of  Plains,  which  di redly  behold  the  Four 
Cardinal  North,  South,  Eaft  and  Weft  points,  the  La¬ 
titude  of  the  place,  and  Reclination  of  the  Plain  being 
known,  there  is  nothing  required,  but  to  know  the  Ele¬ 
vation,  or  height  of  the  Pole  above  the  Plain ,  which,  how  to 
find,  is  fufficiently  taught  in  the  Fourth  and  Fifth  SeSfions 
of  the  Fourth  Part  of  this  Book. :  And  therefore  I  (hall  not 
here  repeat  the  fame  again,  but  refer  you  to  thofe  fore- 
mentioned  Fourth  and  Fifth  Sections  of  the  Fourth  Part 
hereof.  Wherefore,  to  draw  Hours  upon  any  of  thefe  E- 
reU,  Direff,  or  Dirett  Reclining  Plains ,  when  the  height 
of  the  Pole  or  Stile  above  the  Plain  is  found,  you  have  no 
more  to  do  3  but, 

Firfl,  Draw  a  right  line  A  B  for  the  Hour-line  of  Six, 
and  another  at  right  Angles  thereto,  for  the  Hour-line  of 
12,  as  the  Line  ©  X. 

Secondly ,  With  the  Radius  of  your  Line  of  Chords  60  d, 
Upon  ©  as  a  Centre,  deferibe  the  Semicircle  A  X  B.  And 
the  height  of  the  Pole  above  the  Plain  being  known,  (as 
for  an  Horizontal  Dial  for  London ,  where  the  Pole  is  ele¬ 
vated  51  deg.  30  min.)  Take  51  deg.  30  min.  from  your 
Chord,  and  let  them  upon  the  Semicircle  from  X  to  F,and 
from  X  to  I,  and  through  the  points  F  and  1,  draw  the 
Lines  6  F  and  6  I,  parallel  to  ©  X,  and  draw  the  Lines 
X  6  and  X  6  on  either  fide  of  the  Meridian. 

Thirdly ,  (Having  recourfe  to  your  former  Proparative 
Scheme )  take  in  your  Compaffes  the  length  of  the  Line  X  6y 
and  fet  it  upon  the  Preparative  Scheme  from  B  to  c,  and 

laying  a  Ruler  from  A  to  cy  draw  the  pricked  Line  C  A. 

Fourthly y 
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Fourthly  ,In  the  Preparative  Scheme  from  the  point  A  019,3, 
take  the  neareft  diftance  to  the  pricked  Line  A  C,  and  fet 
it  upon  the  Lines  X  6 ,  and  X  6,  from  X  to  3,  and  from 
X  to  9.  Alfo  from  the  point  2,  10,  in  the  Line  A  C 
of  the  Preparative  Scheme ,  take  the  neareft  diftance  to  the 
pricked  Line  A  D,  and  that  diftance  fet  upon  the  Lines 
X  6,  and  X  6,  from  X  to  io  and  2,  and  from  6  to  8,  and 
from  6  to  4.  —  Like  wile,  take  the  neareft  diftance  from 
the  point  1,  1  r,  in  the  Line  A  C  ofthe  Preparative  Scheme , 
to  the  pricked  line  A  C, which  diftance  will  reach  from  X 
to  1 1,  and  from  X  to  1,  and  alfo  from  6  to  5,  and  from 
6  to  7.  So  are  the  two  Lines  X  6  and  X  6  divided  each 
of  them  into  fix  unequal  parts,  the  one  in  the  points  1,  2. 
3,  4,  and  5,  and  the  other  in  the  points  11,  10,  9,  Sand  j. 
Through  which  points,  right  Lines  drawn  from  the  Cen¬ 
tre  0,  they  (hall  be  the  true  Hour-lines  proper  for  an  Ho¬ 
rizontal  Dial 5  for  the  Latitude  of  London  51  deg.  3  2  min. 

For  the  Stile  of  this  Dial,  a  Line  drawn  from  the  Cen¬ 
tre  O,  through  either  of  the  points  F  and  I,  (hall  re- 
prelent  the  Axis  of  the  Worlds  or  Stile  of  the  Dial. 

For  a  Vertical  or  Ere&  South  Dial  for  the  fame  Lati¬ 
tude  5 1  deg.  3  2  min . 

•\  * 

The  height  of  the.  Pole  above  a  South  Plain  in  the  La¬ 
titude  of  51  deg.  32  min.  is  38  deg.  28  min.  the  Comple¬ 
ment  of  the  Latitude.  Wherefore, 

Firfi ,  Take  38  deg.  28  min.  from  your  Scale  of  Chords, 
and  fet  them  from  X  to  G,  and  from  X  to  H,  and  draw* 
the  Lines  X  M  and  X  D,  parallel  to  ©  X. 

Secondly,  Take  the  length  of  the  Line  X  M  and  X  D, 
and  apply  it  to  your  Preparative  Scheme ,  letting  it  from  B 

to  d,  and  laying  a  Ruler  from  C  to  d,  draw  another  prick¬ 
ed  Line  C  M. 

Thirdly ,  The  neareft  diftances  taken  from  the  points  A, 
2,  io,and  1,  11,  in  the  Line  A  C  of  the  Preparative  Scheme , 

ft  2  will 
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will  ("being  transferred  from  thence  to  the  Dial-plain )  di¬ 
vide  the  Lines  X  M  and  X  D,  each  of  them  into  fix  une¬ 
qual  parts,  through  which  divifions,  and  the  Centre  0, 
Lines  being  drawn,  they  (hall  be  the  true  Hour-lines  ofan 
Ere&  South  Dial  in  the  Latitude  of  London. 

A  Line  drawn  from  O  (the  Centre  of  the  Dial)through 
the  points  H  or  G,  (hall  reprefent  the  Axis  of  the 
World ,  and  be  the  Stile  of  this  Dial. 

For  a  DireB  North  Reclining  Plain. 


Let  our  Example  be  of  a  DireB  North  Plain  Reclining 
from  the  Zenith  25  deg.  and  fuch  a  Dial  is  deferibed  in 
the  1  yth.  Chapter  of  the  Firjl  Part ,  and  the  height  of  the 
Pole  or  Stile  above  the  Plain ,  was  there  found  to  be  63  d„ 
28  min.  And  fo  it  will  be  found  to  be  by  the  Rule  deliver¬ 
ed  in  the  Fifth  SeBion  of  the  Fourth  Part  of  this 
Book. 

Firjl,  The  height  of  the  Stile  being  found  to  be  6 3  d. 
28  min.  take  63  deg.  28  min.  from  the  Scale  of  Chords, 
and  fet  them  from  X  to  E,  and  from  X  to  K,  and  draw  the 
Lines  E  C,  anp  R  D,  parallel  to  the  Meridian  ©  X.  Alfo, 
draw  the  Lines  X  C  and  X  D. 

Secondly ,  Take  the  length  of  the  Line  X  C  or  X  D,  and 
fet  it  upon  the  Preparative  Scheme  from  B  to  e ,  and  draw 
a  third  pricked  Line  as  e  C.\  - 

Thirdly ,  The  neareft  difiances  taken  from  the  points  A, 
2,  10,  and  1,  11,  in  the  Line  A  C,  (hall  (being  let  upon 
the  Lines  X  C  and  X  D)  divide  them  each  into  Six  une¬ 
qual  parts  5  through  which,  and  the  Centre  ©,  right  lines 
being  drawn,  they  (hall  be  the  true  Hour-lines  of  a  North 
DireB  Plain  Reclining  25  deg.  the  Latitude  of  Lon - 
don. 

The  Stile  rauft  be  drawn  from  the  Centre  0,  through 
the  point  E  or  1L 
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•»  V  5#* 

For  Dintt  Eaji  or  Wejl  Plains^  whether  Erect  or  Re¬ 
clining. 

For  EreB  DireB  Plains,  where  the  Hour-lines  are  paral¬ 
lel  one  to  another,  the  Stile  or  Pole  having  no  Elevation, 
the  belt  way  to  make  them,  is,  as  is  dire&ed  in  the  Sixth 
Chapter  of  the  Firji  Part.  And  therefore  in  this  place, 
nothing  more  need  be  laid  concerning  them.  But, 

For  Eaji  and  Weji  Recliners * 

The  bed:  way  to  deal  with  thele  kind  of  Plains,  is  to 
refer  them  to  a  new  Latitude ,  and  to  a  new  Delineation  ill 
that  new  Latitude ,  both  which  are  eafily  attained  by  this 
following  GENERAL  RULE. 

1.  The  New  Latitude ,  is  always  the  Complement  of  the 
Old  Latitude. 

2.  The  New  Declination  in  that  New  Latitude  is  the  Com • 
plcment  of  the  Reclination. 

So  that  if  a  Diresft  Eaji  Plain ,  in  the  Latitude  of  Lon¬ 
don  5 1  deg.  3  2  min.  Ihould  Recline  40  deg.  and  you  would 
find  the  New  Latitude  and  New  Declination^ 

Firji ,  The  Complement  of  the  Old  Latitude  51  deg. 
32  min.  is  38  deg.  28  min.  And  that  rauft  be  tne  New 
Latitude. 

Secondly ,  The  Reclination  being  40  deg.  The  Comple¬ 
ment  thereof  is  50  deg.  And  that  is  the  New  Declinati¬ 
on. 

So  that  if  (by  the  dire&ions  of  the  Firji  SeBion  hereof) 
you  make  an  EreB  Dial  to  decline  50  deg.  in  the  Latitude 
of  38  deg.  28  min.  that  Dial  (hall  ferve  for  an  Eaji  or  Wejl 
Dial ,  Reclining  40  d.  in  the  Latitude  of  51  d.  32  m. 

Thirdly ,  Although  this  Declining  Plain  be  truly  made, 

yet 
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yet  the  placing  of  it  upon  the  Dial-Plain,  differeth  from 
Erdt  Plains  :  For,  in  all  Ered  Declining  Plains,  the  Hour¬ 
line  of  12  is  always  perpendicular  to  the  Horizontal  Lino 
of  the  Plain.  So  in  all  Eaft  and  Weft  Reclining  Plains ,  the  < 
Hour-line  of  12  muft  lie  parallel  to  the  Horizontal  Line  of 
the  Plain.  As  you  may  fee  in  the  Figure  Chap.  10, of  Part 
the  Firft. 

It  may  here  be  expeded,that  I  (hould  lay  Ibmething  con¬ 
cerning  Declining  Reclining  Plainst  which  this  Geometrical 
way  will  very  well  perform,  by  referring  them  to  a  Nevo 
Latitude ,  and  a  New  Declination ,  where  they  will  become 
EreB  Declining  Plains 3  but  for  that  the  performance  there¬ 
of,  this  way,  would  require  many  Schemes,  and  that  there 
are  Three  ways  in  this  Book,  already  taught,  how  to  effed 
the  lame  by  other  means,  I  thought  good  to  omit  them  in 
this  place  5  and  to  give  Examples  in  EreB  DireB ,  in  Direct 
Reclining ,  and  in  Erect  Declining  Plains ,  (as  being  of  all 
others  the  mod:  uleful.  )  And  fo  I  (hall  conclude  this  Se¬ 
cond  Geometrical  Way  of  Dialling. 


The 


m 


The  Prejjarati&e 
Scheme. 


! 'hi /'  belongs  to  page  12#* 


South  declining  Tde/i 
Zo  decj: 
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The  ART  of 

dialling. 

INSTRUMENT  ALLY 

PERFORMED*. 

By  a  Plain,  Cheap,  and  Portable  Inftrument,  accommo 
dated  with  Lines  neceffary  for  that  purpofe. 


.  PART.  III. 


CHAP.I. 

A  Defcription  of  the  In  fir  urn  fit. 

THE  Inftrument  may  moft  conveniently  be  made  up¬ 
on  a  thin  Plate  of  Bra(s  (the  thinner  the  better.) 
Let  it  be  made  in  theform  ofa  Right-angled  Triangle, one 
of  the  fides  containing  the  right  Angle  being  in  the  Figure 
marked  with  A  B,  let  it  be  divided  as  a  Line  of  Natural 
Sines,  and  the  other  fide  noted  with  A  C,  let  be  divided 
as  aline  of  Natural  Tangents,  of  fucha  length  that  it  may 
contain  75  degrees  at  the  leaft  of  the  fame  Radius  with  the 
’ Line  of  Sines.  Let  both  the  Sines  and  Tangents  be  num¬ 
bered  from  A,  by  so,  20,  30,  &c.  according  to  the  ufuai 
manner,  the  Sines  to  90  deg.  and  the  Tangents  to  75  or 
upwards  — — «  The  divifions  of  both  thefe  lines  muft  be 

graduated 


1 2$  Geometrical  Dialling , 

graduated  clofe  to  the  outer  edges  of  the  Bra(s  as  Protra¬ 
ctors  are  ufually  divided,  and  the  Metal  not  exceeding  that 

thickness. - On  the  third  edge  B  C,  is  graduated  a  line 

oi  double  Tangents  of  any  Radius,  foch  as  the  line  is  ca¬ 
pable  to  receive  45  deg.  on  either  fide  from  the  middle 
thereof,  from  D  to  E  45  deg.  and  from  D  to  F  as  many  5 
which  i  angents  are  to  be  numbred  not  into  degrees  of  a 
Circle,  but  into  degrees  of  Time,  allowing  15  deg.  to  1 
hour,  go  for  2  hours,  and  45  for  g  hours,  and  theother  in¬ 
termediate  parts  for  Halfs  and  Quarters,  and  in  larger  In- 

ftruments  into  final  ler  pas  ts -  This  I  call  the  Scale  of 

hours,  and  mu  ft  be  numbred  as  in  the  Figure  XII, (landing 
at  one  end,  and  VI  at  the  other  end  thereof,  IX  and  III  in 

the  middle,  and  the  reft  in  order,  as  in  the  Figure - And 

it  were  not  amifi,  if  the  Tangent  line  A  C  were  marked  at 
the  degrees  of  Time,  as  well  as  into  degrees  of  the  Circle, 
which  will  be  ufeful  in  the  defeription  of  Eaft,  Weft,  and 
/Equinoctial  Dials  both  direCt  and  declining. 

In  fome  convenient  place  of  the  Plate  you  may  have  one, 
two  or  three  Lines  of  Chords  to  feveral  Radius’s,  which 
will  perform  the  work  of  the  Firft  Part  of  this  Book,  and 
will  alfo  be  ferviceable  in  this. 

Alio  it  would  be  neceflary  that  the  other  fide  of  the  Plate 
were  graduated  for  the  Lines  of  Sines  and  Tangents,  in  all 
refpeCts,  as  the  fore-fide :  But  for  the  line  of  hours  it  were 
not  amils  to  have  two  or  three  of  them  of  feveral  lengths, 
as  in  praCtice  you  may  findoccafion  for,  though  one  will  do 
all.  And  this  may  eafily  and  commodioufly  be  done  if  the 
middle  of  the  Plate  be  cut  out,andthenonall  the  inner  edges 
of  the  Plate,  you  may  have  feveral  Lines  of  hours,  and  be¬ 
tween  them  Chords  ahb.  A  Quadrant  alfo  may  be  proje¬ 
cted  upon  this  Inftrument,  and  then  it  will  be  ferviceable 
to  take  a  declination  of  a  Plain  5  for  by  it  you  may  find  the 
Azimuth.  The  Inftrument  thus  fitted  will  be  very  portable, 
and  very  exaCt  and  eafiein  practice.  For  thefe  laft  mention¬ 
ed  parts,  1  leave  them  to  the  difcretion  of  the  Artificer,  or 
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the  will  of  the  Owner,  the  firft  three  lines  being  fufficient 
to  perform  all  the  following  works.  This  Inftrument  thus 
made,  I  call  (in  refped  of  the  Figure  of  it)  an  Horological 
Trigon.  The  ufes  whereof  are  exhibited  in  the  following 
Chapters. 


CHAP.  II. 

How  to  draw  the  Hour-lines  upon  all  forts  of  DireB  Plains  jby 

help  of  the  Horological  Trigon. 

Dials  maybe  delineated  upon  allforts  of  Plain  Superfi¬ 
cies,  by  help  of  this  TRIGONAL  INSTRUMENT. 
And  that  I  may  retain  herein  the  like  Method  as  I  have  ob« 
ferved  in  the  Three  foregoing  Treaties,  I  (hall  begin  with 
the  DireB  Plains  firft,  and  from  them  proceed  to  the  Ob¬ 
lique.  And  in  my  profecution  hereof  I  (hall  more  lightly 
pals  over  fuch  things  as  I  have  in  the  firft  Part  more  par¬ 
ticularly  handled,  fo  by  this  means  the  fubfequent  Treatife 
will  be  the  more  brief,  and  the  left  cumbred  with  Precepts  .* 
And  I  fhall  begin  with  fuch  Plains  as  are  DireB ,  whether 
EreB  or  Reclining. 


Se&ion  I. 

How  to  draw  the  Hour-lines  upon  a  V ertical  or  Horizontal 
Plain,  as  alfo  upon  any  direB  North  or  South  Plain  in  any 
Latitude ,  whether  EreB  or  Reclining. 

THere  is  no  difference  in  the  conftru&ion  of  thefe  fe- 
veral  forts  of  Dials,  the  height  of  the  Pole  or  Stile 
above  the  Plain  being  firft  attained,  which  how  to  effedfc, 
is  at  large  taught  Geometrically  in  the  Firft  and  Second 

S  Part, 
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Part,  Chap.  3.  and  in  the  Fourth  Part,  Se£h  1.  and  there¬ 
fore  in  this  place  will  be  needleis  to  recite.  Wherefore  let 

us  take  one  Example  for  all,  viz. 


To  draw  the  Hour-lines  on  a  Vertical  or  Horizontal  Plain 5 

in  the  Latitude  5 1  deg.  3  2  min. 


Firjl^  Upon  your  P'lain(or  upon  a  Sheet  of  Paper  )draw 
a  right  line  A  B  for  the  Meridian  (or  hour-line  of  12,)  and 
affigning  any  point  therein  (as  A)  for  the  Centre  of  your 
Dial,  through  it  draw  the  line  C  A  D  at  right  Angles  for 
the  Hour-line  of  6. 

Secondly ,  Lay  the  Centre  of  your  T rigon,  to  the  Centre 
of  your  Dial,  fo  that  the  Tangent-line  thereof  may  lie 
upon  the  Line  of  1 2,  and  the  Line  of  Sines  upon  the  Line 
of  Six, 


Thirdly ,  Wish  a  Needle  (or  protra&ing  Pin)  make  a 

.  '  Mark 


Geometrical  Dialling.  131 

Mark  upon  the  Meridian  Line,  againft  (the  Radius  or) 
45  deg.  as  the  point  E.  And  upon  the  line  of  6  make  ano¬ 
ther  mark  againft  the  Sine  of  your  Stiles  heighten  dais  Ex¬ 
ample  againft  5 1  deg.  3  2  min.)as  at  F,and  draw  the  line  E  F. 
Do  the  like  on  the  other  fide  of  the  Meridian  line,  by  ma¬ 
king  A  G  equal  to  AF,  and  draw  the  Line  E  G. 

Fourthly ,  Divide  the  lines  E  F  and  EG(each  ofthemjin- 
to  two  equal  parts, in  the  points  9  and  3, and  from  the  Centre 
of  your  Dial  through  thefe  points  9  and  3, draw  two  right 
lines, which  (hall  be  the  Hour-lines  of 9  and  3  ot  theClock. 

Fifthly ,  For  the  drawing  of  the  reft  of  the  hours,  la,, 
the  Line  of  Hours  upon  your  Trigon  to  your  Plain, in  fucfi 
manner,  that  the  point  or  end  thereof  noted  with  6,  ancj 
the  other  end  or  point  thereof  noted  with  12,  may  juftly 
touch  the  Hour-lines  of  12  and  6  upon  your  Dial-p]ajn^ 
and  move  the  Line  of  hours  between  the  two  Hour-lines 
of  12  and  6  backwards  or  forwards  (as  occafion  ftialj  re1- 
quire)  tiil  the  middle  of  the  Line  of  Hours,  noted  with  the 
hours  9  and  3,  reft  juft  upon  the  Hour-line  of  9  or  3  upon 
your  Plain- —  Your  Line  of  Hours  lying  in  this  pofition 
with  your  protracting  Pin  (or  Needle)  make  marks  upon 
your  Plain,  againft  every  Hour,  half  and  Quarter,  as  the 

points  ***  &c.  - And  ft  om  the  Centre  of  your  Dial 

(through  thefe  refpe&ive  points)draw  right  Lines  and  they 
(hail  be  the  true  Hour- lines  proper  to  your  Plain. 

Do  the  like  on  the  other  fide  of  the  Meridian  for  the 
.  Afternoon  hours,  and  your  Hour-lines  are  all  drawn, except 
thofe  before  6  in  the  morning,  and  after  6  at  night,  which 

muft  be  drawn  through  the  Centre,  according  to  the  dire¬ 
ction  given  in  Part  I.  Chap.  3. 

It  may  feem  at  fiift  fomething  difficult  to  enter  the  line 
of  Hours  upon  your  Tr/grw, between  the  Hour-lines  ot 
1 2  and  6,  and  io  as  the  point  9  or  3  may  reft  upon 
the  Hour-line  of  9  or  3  alfo  5  but  know  there  is  no  diffi¬ 
culty  at  all,  but  wonderful  eafie,  and  fo  expeditious, 
that  tne  Trigon  is  prepared  to  prick  down  all  the 

S  2  Hours, 
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Hours,  halfs  and  quarters,  as  foon  as  you  could  with 
your  Compafles,  take  one  of  them  out  of  a  Scale  , 
and  will  give  you  the  hour  points  upon  the  Plain 
mere  exaft  than  you  can  let  them  well  off  with  the 
Compafles —  And  farther  Note,  that  your  Trigonly- 
ing  in  this  pofition,  the  Line  of  hours  on  your  Tri¬ 
gon,  will  always  lie  parallel  to  the  lines  E  F,  and  E  G, 
if  there  be  noformererrour. 

Laftly,  For  the  height  of  the  Stile  above  the  Plain  (it  is 
in  this  Example,  equal  to  the  Latitude  of  the  place  5 1  deg. 
32  min.  J  this  you  may  let  off  by  a  Line  of  Chords  (as  hath 
been  often  (hewed  before)  but  by  the  Trigon  thus  —  Lay 
the  Centre  of  your  Trigon  upon  the  point  E, the  lineofSines 
lying  upon  the  Meridian  (or  12  a  Clock)  line,  then  againft 
the  Tangent  of  51  deg.  32  min.  make  a  mark  as  H,  and 
draw  the  line  A  H  for  the  Stile,  fo  is  your  Dial  finilhed. 

And  according  to  this  precept  may  the  Hour-lines  upon 
all  North  and  South  DireB  Plains  bedrawn,  without  any  far¬ 
ther  trouble,and  (o  for  fuch  plains,let  this  one  precept  (uffice. 


Se&ion  1 1. 

How  to  draw  the  Hour-lines  upon  the  Direct  Eafl  Well:  upright 
and  iEquino&ial  Reclining  Plains ,  bp  help  of  the  Trigon. 

Ollr  Example  (hall  be  of  an  Eaft  Ere#  Direft  Plain  in 
the  Latitude  of  51  deg.  32  min.  Wherefore, 

Fir  ft.  Draw  (by  the  dire&ions  in  Part  I.  Chapter  6 . 
a  Right- Line  A  B  for  the  iEquino&ial ,  and  in  any 
point  thereof,  as  at  C,  draw  a  right  line  DCE(at  right  An¬ 
gles  thereunto)  for  the  Hour-line  of  6. 

Secondly ,  Affign  any  point  of  the  Hour-line  of  6,  (pro¬ 
portional  to  the  bignefsof  your  Plain)as  F  for  the  height  of 
your  perpendicular  Stile  or  Gnomon* 
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Thirdly,  Lay  the  Trigon  to  your  Plain,  Co  that  the  Line 
of  Sines  may  lie  juft  upon  the  Hour-line  of  6,  and  the  end 

thereof  at  90  deg.  upon  the  point  F -  The  Trigon  lying 

in  this  pofition,with  your  Needle  or  protra&ing  Pin, make 
marks  upon  your  Plain,  by  the  fide  of  the  Tangent  line  up¬ 
on  your  Trigon,  at  every  hour,  half  and  quarter,  at  the 
marks  ***  &c.  (for  the  Tangent  line  upon  the  Trigon ,  is 
divided  into  hours  and  parts  of  time, as  well  as  into  degrees 

and  minutes.^* 


Fourthly ,  Lay  a  Ruler  to  F,and  every  one  of  thefe  hours, 
halfs  and  quarters, and  where  the  Ruler  crofleth  the  iEqui- 
noftial  Line  of  the  Plain  A  B,  as  at  the  points  0  ©  0,  <&c. 
through  thofe  points  draw  right  lines  parallel  to  the  Hour¬ 
line  of  6,  and  they  (hall  be  the  true  Hours  proper  for  your 
Plain. 


For  the  hours  before  6  in  the  morning  on  the  Eaft  Dial, 
and  after  6  at  night  on  the  Weft  Dial ,  the  fame  diftances  let 
backwards  upon  the  iEquino&ial-line,  will  give  you  thofo 
points  as  is  directed  in  Part  I.  Chap.  6. 


Note 
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Note,  If  you  make  your  Dial  anfwerable  to  the  bignefs 
of  your  Trigon ,  much  of  the  labour  in  making  of  this 
Dial  will  be  faved  :  For,  when  you  have  drawn  A  B 
.  the  fEquino&ial,  and  eroded  it  at  right  Angles,  with 

the  Line  C  DE  for  the  Hour-line  of  6 . -  Lay  the 

Centre  of  the  Trigon  upon  the  point  D,  and  the  Tan¬ 
gent  line  of  the  Trigon  upon  the  iEquino&ial  Line  of 
the  Plain,  and  fo  making  marks  at  every  hour,  half, 
and  quarter,! ines  drawn  through  thole  points  parallel 
to  the  Hour-line  of  6, (hall  be  the  true  hours  proper  for 
the  Plain  — —  And  here  note  a  ho,  that  the  Line  A  B 
firft  drawn,  muff  make  an  Angle  with  the  Horizontal 
Plain,  equal  to  the  Complement  of  the  Latitude  of 
the  place,  for  which  the  Dial  is  made. 

What  is  (aid  of  the  Eaft  Plain,  the  fame  is  to  be  under- 
flood  of  the  Weft,  as  in  Part  I.  Chap  6.  and  the  lame  of 
the  iEquino&ial  Plain  alfo,  only  the  6  a  Clock  Hour-line 
in  thefe  Plains,  is  the  12a  Clock  Hour-line  in  thofe,  as  in 
Part  I.  Chap.  12  is  fufficiently  explained. 


CHAP.  III. 

Ho iv  to  draw  Hour-lines  upon  any  Erect  Plain, declining  Eaft 
or  Weft,  by  help  of  the  Horological  Trigon. 

THefe  are  the  Dials,  which  (of  all  others)  are  moft  in 
ufe,  and  therefore  will  require  the  more  care  in  the 
praftice  of  the  making  of  them,  and  that  I  may  remove  all 
difficulties  that  may  arife  in  the  making  of  them  at  any  time, 
I  fhall  bethe  more  large  in  this  particular, for  (indeed)  up¬ 
on  the  making  of  thefe  Dials  in  all  Latitudes,  doth  depend 
the  making  of  all  other  Oblique  Dials,  whether  Reclining 
or  Inclining,  as  hereafter  fhall  be  taught. 


1 


SECT, 
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Section  I. 

Horv  to  defcribe  the  Hour-lines  upon  an  Eref  tor  Upright  llain. 
Declining  from  the  South  Eaftward  3°  deg.  in  the  Lati- 
titude  of  5 1  deg.  30  min. 

s, 

FIrJh,  Draw  a  perpendicular  or  down-right  line  A  i 2  b, 
for  the  Meridian  and  Hour-line  of  12, and  making  choice 
of  fome  convenient  point  therein,  as  A,  for  the  Centre  or 
your  Dial,  draw  through  that  point  an  Horizontal  Line 

MAN.  1 


Secondly ,  Apply  the  Centre  of  the  Trigon ,  to  the  Cen¬ 
tre  of  the  Dial  at  A,  io  tnat  the  Line  of  Sines  may  lie  up¬ 
on  the  Line  M  A,  and  the  Line  of  Tangents  upon  the  line 
A  B :  And  againft  the  Tangent  of  the  Latitude  of  the  place 
51  deg.  32  min.  make  a  mark  at  B,  and  alfo  at  the  Co-Sine 
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of  the  Latitude  51  deg.  32  min.  make  another  mark  at  H. 

Thirdly ,  Remove  the  Trigou,  laying  the  Centre  thereof 
toB,  and  the  Line  of  Tangents  upon  B  A,  and  againft  the 
Sine  of  the  Declination  30  deg.  make  a  mark,  as  E,  and 
draw  the  Line  A  E  for  the  Subftilar  line  of  the  Dial. 

Fourthly ,  Upon  the  point  E,  ereft  a  perpendicular,  and 
laying  the  Centre  of  the  Trigon  upon  E,  and  the  Line  of 
Sines  upon  the  perpendicular,  make  a  mark  againft  the  Co- 
Sine  of  the  PlainsDeclination  60  deg.  as  at  F,and  draw  the 
Line  A  F  for  the  Stile. 

Fifthly ,  Laying  the  Centre  of  the  Trigon  to  B,  and  the 
line  of  Sines  upon  AB,  make  a  mark  againft  the  Co-Tangent 
of  the  Latitude  of  the  place  38  deg.  28  min.  as  at  D,  and 
through  the  point  D  draw  the  line  DC  parallel  to  A  B. 

Sixthly ,  Take  in  your  Compafles  the  diftance  B  E,  and 
fet  it  upon  the  line  C  D  from  C  to  G,  and  draw  the  Line 
A  G  for  the  Hour-line  of  6,  quite  through  the  Centre,  as  the 
line  6  A  6. 

Seventhly ,  Through  the  point  H,  draw  the  line H  R,  pa¬ 
rallel  to  A  B,  cutting  the  Hour- line  of  6  in  the  point  6,  and 
make  A  6  above  the  Centre, equal  to  A  6  below  the  Centre, 
and  the  line  A  12,  equal  to  E  F, drawing  thelinesi2,  6,  and 
12,6,  which  divide  into  two  equal  parts  in  the  points 
9  and  3, and  draw  the  lines  A  9  and  A  3, for  the  Hour-lines 
of  Nine  and  Three. 

Eighthly ,  Apply  the  Line  of  Hours  upon  your  Trigrw, be¬ 
tween  the  Hour-lines  of  6  and  12, fo  that  9  and  3 may  reft 
upon  9  and  3  as  hath  been  before  preforibed,  and  make 
marks  at  the  ieveral  hours,  as  the  points  ***  &c.  through 
which  points,  and  the  Centre  A,  draw  the  hours,  and  fo  the 
halfs  and  quarters,  if  you  pleafo. 

For  the  line  of  5  in  the  morning,  it  is  drawn  by  extend¬ 
ing  the  Hour-line  of  5  at  night  through  the  Centre.  And  in 
the  making  of  this  Dial,  you  have  made  four  Dials  as  is  de¬ 
clared,  and  largly  infifted  upon,  Part  I.  Chap.  8.  and  there¬ 
fore  no  more  need  be  laid  of  it  in  this  place. 


Thefe 


»  hjlrumenal  Dialling.  i 37 

Thcfe  Precepts  here  delivered, are  fufficient  for  the  mak- 
ins;  of  Upright  Declining  Dials  in  any  Latitude,  but 
moft  conveniently  in  thefe  middle  Latitudes, under  the 
temperate  Zones ,in  the  Torrid  and  Frigid  Zones  there 
may  fall  out  fome  Incoriveniencies,  for  when  the  Lati¬ 
tude  is  either  very  great  or  very  lmall,luch  as  the  lines 
on  the  Tngon  are  not  capable  to  receive,  there  are 
other  means  to  remedy  thole  Inconveniencies,  which 
(hall  be  cleared  by  the  two  following  Propofitions,one 
whereof,  (hall  {hew  how  to  effect  the  work  of  this 
Chapter,  when  the  Latitude  is  very  fmall,  the  other 
when  it  is  very  great. 


Se&ion  1 1. 

PROP, 

To  draw  an  Upright  Declining  Dial  in  fuch  a  Latitude ,  where 

the  Pole  hath  but  fmall  Elevation. 

Let  the  Example  be  of  an  Upright  South  Plain  Declining 
Eaftward  30  deg,  in  the  Latitude  of  10  deg. 

FIrfl ,  Draw  a  line  A  B  12,  for  the  Meridian  and  Hour- 
line  of  12,  and  make  choice  of  a  point  therein  for  a 
Centre,  as  A,  through  which  draw  a  line  perpendicular 
thereto  for  the  Horizontal  line  of  the  Plain,  as  the  Line 
GCA. 

Secondly ,  Lay  the  Centre  of  the  Trigon  to  the  Centre  of 
the  Dial,  and  the  Tangent-line  thereof  upon  the  Line 
A  B 1 2 .  And  againft  90  deg.  or  the  Radius  of  the  line  of  Sines, 
make  a  mark  as  C,  and  alfo  againft  80  deg.  thereof,  which 
is  the  Complement  of  the  Latitude  of  the  place,  as  at  H. 
Like  wife  againft  the  Tangent  of  the  Latitude  10  deg.  make  a 

T  mark. 
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mark,  as  at  B,and  draw  the  Lines  BD  parallel  to  to  the  Ho¬ 
rizontal  line  GCA,  and  the  line  CD  parallel  to  the  Meri¬ 
dian  Line  A  B. 

Thirdly ,  Lay  the  Centre  of  the  Trigon  upon  B,  and  the 
Line  of  Sines  upon  B  D,  and  make  a  mark  againft  the  Sine  , 
of  the  Plains  Declination  30  deg.  as  E,  and  draw  the  Line 
A  E  for  the  Subftilar  Line  of  the  Dial  then  take  the  di¬ 
fiance  B  E,  and  fet  it  upon  the  Horizontal  line  of  the  Plain 
from  C  to  G,  and  draw  the  line  E  G,  cutting  the  line 
C  D  in  K,  fo  (hall  A  K.  be  the  Hour-line  of  6. 


Fourthly ,  Upon  the  point  E,  ered  the  perpendicular  E  F 
and  laying  the  Centre  of  the  Trigon  upon  E,  and  the  Line 
of  Sines  upon  E  F,  make  a  mark  againft  the  Sine  of  the 
Complement  of  the  Plains  declination  60  deg.  at  the  point 
F,  and  draw  the  Line  A  F  for  the  Stile. 

Fifthly ,  Through  the  point  H,  draw  the  line  H  M,  paral¬ 
lel  to  the  line  A  B , cutting  the  Hour-line  of  6  inthe  points, 
then  taking  the  diftance  EF  in  your  Compacts,  make  the 
line  A  12  equal  thereto,  and  the  line  A  6  above  the  Centre 
equal  to  A  6  below  the  Centre,  and  draw  the  lines  6,  12. 

and 


) 
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and  6,12.  which  divide  into  two  equal  parts  in  9  and  3, and 
for  the  other  hours  apply  the  line  of  hours  of  the  Trigon ,  as 
is  before  di reded,  and  finilh  the  Dial,  according  to  former 

Precepts. 

PROP.  II. 

How  to  draw  ait  Upright  Declining  Dial  in  fuch  a  Latitude 

where  the  Pole  hath  great  Elevation. 

Let  the  Example  be  of  a  South  Plain  declining  Eastward 

30  deg.  in  the  Latitude  of  80  deg. 

FIrfi,  Draw  a  Line  A  R  for  the  Meridian  and  Hour-line 
of  12,  and  through  the  Centre  A  draw  the  Horizon¬ 
tal  Line  C  A  perpendicular  thereunto. 

Secondly,  Lay  the  Centre  of  the  Trigon  to  the  Centre  of 
the  Dial,fo  that  the  Line  of  Sines  may  be  upon  the  Line 
A  B,  and  the  Line  of  Tangents  upon  A  C,  then  againft  the 
Radius  or  Sine  of  90  deg.  make  the  mark  B,and  againft  the 
Co-Sine  of  the  Plains  Declination  30  deg.  make  the  mark 
12 ;  alfb,  againft  the  Co-Tangent  of  the  Latitude  make  the 
mark  or  point  C,  and  draw  the  line  C  D  parallel  to  A  B, 
and  the  line  B  D  parallel  to  C  A. 

Thirdly ,  Lay  the  Centre  of  the  Trigon  to  C,  and  the  line 
of  Sines  upon  C  B,  and  againft  the  Sine  of  the  Plains  declina¬ 
tion  30  deg.  make  the  point  G,  and  make  B  R  equal  to  C  G„ 
then  draw  the  Line  R  Glutting  the  line  B  D  in  E,  fo  (hall 
A  E  being  drawn  be  the  Subftile,  and  A  G  the  Hour-line 
of  6. 

Fourthly,  Take  in  your  Compaffes  the  diftance  A 1 2, and 
fet  the  fame  from  G  to  P,  and  from  R  to  T  (thole  Lines 
being  extended)  then  draw  the  line  T  P,  cutting  the  Line 
D  B  extended  in  O,  and  upon  E  ere&  the  perpendicular 
E  F  equal  to  E  03  and  draw  A  F  for  the  Stile  of  the 
Dial. 

T  2  Fifthly, 
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Fifthly ,  Lay  the  Centre  of  the 
Trigon  to  the  Centre  of  the  Dial,  and 
the  line  of  Sines  upon  A  C,  and  a- 
gainft  the  Co-Sine  of  the  Latitude 
lodeg.  make  the  mark  H,  and  draw 
the  line  H  M  parallel  to  A  B,  cutting 
the  Hour-line  of  6  in  6,  make  A  6  a- 
bove, equal  to  A  6  below  the  Centre, 
and  draw  the  lines  12,  6.  and  12,6— 
Divide  them  into  two  equal  parts  at 
the  points  9  and  3,  and  applying  the 
line  of  hours  on  your  Trigon  to  them, 
you  may  prick  down  the  hours,  halfs 
and  quarters,  as  hath  been  already 
prefcribed. 

Thus  have  you  the  manner  of 
pricking  down  the  Hour-lines 
upon  TJpright  Declining  Plains 
in  any  Latitude,  and  that  in  all 
cafes.  It  refteth  now  that  wefav 
fomething  of  Declining  Recli¬ 
ning  Plains ,  and  the  beft  way 
for  them  in  this  cale,  is  to  refer 
them  to  a  new  Latitude,  and  a 
new  Declination,  wherein  they 
would  become  Upright  Decli¬ 
ning  Plains.  And  how  to  find  this  New  Latitude ,  and 
and  New  Declination ,  (hall  be  the  work  of  the  next 
Chapter. 
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CHAP.  IV. 

The  Declination  and  declination  of  a  Plain  in  a  known 
Latitude  being  given ,  to  find  in  what  Latitude  the  faid  Re¬ 
clining  Declining  Plain  fall  be  an  Upright  Plain,  and 
alfo,  what  Declination  the  fame  fall  have  in  that  New  La¬ 
titude,  and  how  much  the  Meridian  afcends  above,  or 
delcends  below  the  Horizontal  Line  of  the  Plain,  and 
which  ways. 

SUppofe  a  Plain  in  the  Latitude  of  London,  5 1  deg.  32  m. 

fhould  decline  Northerly  60  deg.  and  Recline  alio 
54  deg.  (fuch  a  Plain  is  the  laft  Example  of  North  Recli¬ 
ning  Declining  Plains,  in  the  Firft  Part  of  this  Book.}  And 
it  were  required  to  find, 

1.  In  what  Latitude  that  would  be  an  Upright  Plain, 
And, 

2.  What  Declination  it  {hall  have  in  that  new  Latitude. 
And, 

3,  How  much  the  Meridian  is  elevated  or  depreffed  above 
or  below  the  Horizontal  Line. 


Se&ion  I.  ; 

To  find  the  New  Latitude , 

F 

Secondly ,  Lay  the  Centre  of  the  Trigon  to  the  point  A,. 
Co  that  the  Line  of  Sines  may  lie  upon  the  Line  A  C,  and 
the  Line  of  Tangents  upon  A  B.  Then, 

Thirdly,  Make  a  mark  againft  the  Co-Sine  of  the  Plains 
Declination  30  deg.as  D,  and  another  mark  againft  the  Ra¬ 
dius, 


Irf,  Draw  a  Right-line  BA,  and  atthe  end  thereof  A, 
raife  a  perpendicular  A  C.  ; 


f 


D 
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dius  or  Tangent  of  45  as  at  B - *  Then  turning  the  Cen¬ 

tre  of  the  Trigon  to  B,  lay  the  Tangent  line  uponB  A,  and 
make  a  mark  againft  the  Co-tangent  of  the  Plains  Reclina- 
tion  36  deg.  as  atE. 

Fourthly ,  Draw  the  line  D  B,  and  apply  the  Centre  of 
the  Trigon  to  E,  fo  that  the  Line  of  Sines  may  lie  upon 

-  E  A:  Then  will  the  line 
D  B  lie  under  the  Tan¬ 
gent  of  19  deg.  58  min. 
This  Tangent  of  19  deg. 
58  min.  you  muft  com¬ 
pare  with  the  Comple¬ 
ment  of  your  old  Lati¬ 
tude  38  deg.  28  min.  in 
North  Reclining  Plains 
fas  in  this  Example)  and 
take  their  difference,  which  is  18  deg.  30  min.  And  that 
is  the  new  Latitude. 

And  here  note,  that  if  the  Tangent  E  F  before  found 
prove  to  be  equal  to  the  Complement  of  your  old  La¬ 
titude,  then  will  your  Plain,  be  a  Polar  Declining 
Plain.  But  again. 

In  South  Reclining  Plains,  you  muft  compare  the  Tan¬ 
gent  E  F  with  your  Latitude,  and  find  their  diffe¬ 
rence,  the  Complement  of  which  difference  (hall  be 
your  new  Latitude. 

And  Note  farther.  That  (in  South  Recliners,) 

If  the  Tangent  E  F  be  lefs  than  your  old  Latitude,  the 
contrary  Pole  is  elevated  $  and  if  it  be  equal  to 
your  Old  Latitude ,  then  it  is  an  iEquino&ial 
Plain. 


Se&ion 


/ 
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Sedion  II. 

To  find  the  New  Declinations, 

FIrft,  draw  a  Right  Line  A  B3  and  upon  the  point  B 
ereft  the  perpendicular  B  C. 

Secondly ,  Lay  the  Centre  of  the  Trigon  to  the  Point  B, 
Co  that  the  Line  of  Sines  may  lie  upon  B  C,  and  the  Line 
of  Tangents  upon  A  B,then  make  a  mark  againft  the  Tan¬ 
gent  of  45  deg.  (or  the  Radius)  as  at  A,  and  another  a- 
gainft  the  Co-Sine  of  the  Reclination  36  deg.  as  at  D,  and 
draw  the  Line  A  D. 

Thirdly ,  Lay  the  Centre  of  the  Trigon  upon  A,  and  the 
Line  of  Sines  upon  the  line  A  B,  and  make  a  mark  againft 

the  Sine  of  the  .Old 
Declination  (60  deg. ) 
asatE.  * 

Fourthly  ,  :  Lay  the 
Centre  of  the  Trigon 
to  E,  and  the  Tangent 
line  upon  A  E,  fo  (hall 
the  line  A  D  lie  juft 
under  the  Sine  of  30  d. 
38  min.  in  the  Trigon „ 
at  the  point  F,  and 
this  30  deg.  58  min.  is  the  new  Declination. 

And  here  note,  that  this  new  Declination  thus  found, 
"'is  always  to  the  fame  Coaft,  Eaftward  or  Weftward 
with  the  old,  but  always  left  in  quantity* 


4 C 
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Seffion  III 


( 


TiO  find  the  Angle  that  the  Meridian  makes  with  the  Horizon¬ 
tal  Line  of  the  Plain, 


Flrfl ,  Draw  the  two  Lines  A  B,  and  A  C,  making  a  right 
angle  at  A. 


Secondly ,  Lay  the 
Centre  of  the  Trigon 
to  A,  and  the  Tangent 
Line  upon  A  C,  and 
make  a  mark  againft 
the  Tangent  of  the  old 
Declination  60  deg.  at 
D,  and  another  againft 
the  Sine  of  90  deg. 
and  draw  the  Line  D. 

Thirdly ,  Lay  the 
Centre  of  the  Trigon 
upon  B,  and  the  Sines 
upon  the  Line  B  A, 
making  a  mark  againft 
the  Sine  of  the  Recli- 
nation  54  deg.  at  E. 

Fourthly, ,  Lay  the 
Centre  of  the  Trigon 
to  E  j  and  the  Sines 
upon  E  B,  then  will 
the  Line  B  D,  lie  juft 
under  the  Tangent  of 
54  deg.  29  min.  which 
is  the  Complement  of  3  5  d.  3 1  m.  and  an  Angle  of  that  quan¬ 
tity  doth  the  Meridian  make  with  the  Horizon. 

By  thefe  Three  Sections  of  this  Chapter,  you  have 

reduced 


reduced  your  North  Plain,  in  the  Latitude  of  51  deg* 
32  min.  ,  ’if.  • 


Reclining  54  deg.  00  min.  And 
Declining  60  deg.  00.  min. 


To  an  Upright  Declining 
viz,-.  To 


North  Plain  Declining  Weft 
In  the  Latitude  of 


Plain  in  another  Latitude, 

deg.  min. 
30  38 

18  30 


So  that  if  by  the  Precepts  delivered  in  the  Third  Chapter 
of  this  Part,  and  by  the  Second  Seftion  thereof, becaule  the 
Latitude  is  but  (mail,  you  fhall  have  a  true  Dial  for  fuch  a 
Plain,  as  declines  and  reclines  the  quantities  above  mentio¬ 
ned.  in  the  Latitude  of  51  deg.  32  min.  Which  Dial  be¬ 
ing  truly  drawn,  and  applied  to  the  Reclining  Plain,  the 
Meridian  making  fuch  an  Angle  as  was  found  by  the  Third 
Seftion  of  this  Chapter,  viz.  35  deg.  31  min.  and  placed 
towards  the  right  Coaft  (as  fhall  be  fhewed  in  the  next 
Chapter)  your  work  is  finifhed,  the  Precepts  here  deliver¬ 
ed  being  general. 


C  H  A  P.  V. 

*  *  i  *  1  „ 

v  4* 

Serving  whether  the  Meridian  Line  of  the  Plain  afcends  above, , 
or  defends  below  the  Horizontal  Line  of  the  Plain ,  and  to- 
words  what  Coafi. 


S  * 


A 


He  Third  Se&ion  of  the  laft  Chapter  gave  you  the 
:  quantity  of  this  Angle,  now  for  the  pofition  of  the 

eneral  Rules  following,  viz. 

V  Ira 
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Latitudes,  and  fo  no  more  heed  be  (aid  of  them  in  this 
place. 


T  Shall  conclude  this  Third  Part  with  thefe  two  General 
I  and  Neceflary  Rules,  teaching, 

1.  To  know  which  way  the  Subftilar-line  ofany  Dial  mud: 
ftand  from  the  Vertical  line  of  the  fame  Plain.  And, 

2.  How  to  order  your  work  in  the  Southern  Hemifphere^ 

.  ’  •  .  ■  ■  *  *  *  .  ; 

For  the  Firji} 


Upon  all  Plains  whereon  the 


North  Pole 


■*» 


South  Pole 


V* 


is  elevated,  the  Subftilar  muft 

lie  from  the 

f'  1-1  ~  *y 

upper  end  lower  end 

■  n  n  ■■'■"iwi  mm  *  **  **  ■■  ■  td 

of  the  Vertical  line 
towards  the  foil 

mrnmmmmmm+  ,  m  m  


t - - 

North 


South 


'  For  the  Second. 

A  l  >  •  ' '  /■  b  ' ' 

All  the  Rules,Precepts  and  Examples  given  in  this  Rook, 
do  fuppofe  you  to  be  in  the  Northern  Hemifphere  of  the 
World  5  therefore  if  you  (hould  be  in  the  Southern  Hemi- 
lphere,  thefe  Precepts  will  ferve  there  alio,  by  only  chang¬ 
ing  the  words  North  and  South  one  into  the  other,  as  for 
South  read  Nprth,  and  for  North  read  South,  andfoNor- 
Siern  for  Southern,  and  the  contrary. 

.  i  s  ;  ;  *  l-  .»  :*  •  *  •  i  ■  ■  ■  ■ 


The  ART  of 

DIALLING, 

ARITHMETIC  ALLY 

PERFORMED, 

By  the  CANONS  (or  TABLES)  of  Artificial  Sines 

and  Tangents . 

 p  A  R.  T  !  V. 


The  Argument. 


WHeras  the  Two  foregoing  Geometrical  Ways,  and 
the  Third  Infirumental  Way  of  delineating  or 
making  of  Sun-Dials ,  may  be  rejeded  by  fbme, 
and  a  more  accurate  performance  of  the  fame  re¬ 
quired  by  others,  I  thought  good  (to  make  this  Treatife- 
the  more  compleat,  which  for  a  Geometrical  Way  is  alrea¬ 
dy  petfed  enough)  to  add  the  Canons ,  Analogies  or  Propor¬ 
tions ,  by  which  the  feveral  Requires  in  all  Plains  may  be 
Arithmetically  attained,  by  help  of  the  Canons  or  Tables 
of  Artificial  Sines  and  Tangents  (then  by  which  there  can 
no  exader  way.)  Which  Tables  are  already  in  every  mans 
hands,  and  the  general  ufe  of  them  no  lets  common  .*  where¬ 
fore  I  fhali  fay  nothing  of  that  in  this  place,  but  proceed 
to  the  finding  the  forementioned.  Requires,  as  followeth.. 
And,  * 


Sedion ; 


t 
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Sedion  I. 

Of  (Vertical  or)  Horizontal  Plains ♦ 

IN  theft  Plains  there  is  nothing  required  but  the  Height  of 
the  Pole  above  the  Plain,  which,  in  all  Places,  is  equal  to 
the  Latitude  of  the  Place,  for  which  the  Dial  is  to  be  made. 


Se&ion  1 1 

Of  North  and  South  Ered  Dircd  Plains. 

IN  theft  Plains  aho  there  is  nothing  required  but  The 
height  of  the  Pole  above  the  Plain ,  which  in  all  places  is 
equal  to  the  Complement  of  the  Latitude  of  the  Place. 
Wherefore,  Subftrad  the  Latitude  of  the  Place,  for  which 
your  Dial  is  to  be  made  from  90  deg.  and  the  Remainder  is 
the  height  of  the  Pole  above  the  South  or  North  Ered 
Dire#  Plain* 

deg.  min. 

From  90  00 

Subftrad  Latitude  51  32 


There  remains  38  28 

Which  is  the  height  of  the  the  Pole  above  a  Dired  North 
or  South  plain  in  the  Latitude  of  5 1  deg.  3  2  min. 

   t  n  „ 

Sedion  III. 

Of  North  and  South  Ered  Declining  Plains . 

BUt  in  Ered  Declining  Plains,  (befides  the  Latitude  of 
the  place,  and  the  Declination  of  the  Plain)  there  are 

three 
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three  things  requifite  to  be  found,befbre  you  draw  the  Di¬ 
al,  and  they  are, 

1.  The  height  of  the  Stile  (or  Pole')  above  the  Plain, 

2.  The  di fiance  of  the  Subfile  from  the  Meridian. 

3.  The  Plains  difference  of  Longitude, 

Example ,  In  the  Declining  plain  in  Chapter  8.  whole 
Declination  was  24  deg.  20  min.  in  the  Latitude  of 
5 1  deg.  3  2  min. 

1.  For  the  height  of  the  Pole  above  the  Plain. 

As  the  Radius  90  deg.  10.  cooooo 

Is  to  the  Co-fineof  theLatitude  38  deg.  - * — * 

28  min.  9.  793831 

Sois  the  Co-Sine  of  the  Declination  65  d.  40  m.  9*95959^ 


To  the  Sine  of  34  deg.  33  min.  19.753427 

Which  34  deg.  33  min.  is  the  height  of  the  Pole 
above  the  Plain. 

2.  For  the  difiance  of  the  Subfile  from  the  Me  ridian . 

As  the  Sine  of  90  10.000000 

Is  to  the  Sine  of  the  plains  Declination  : - - — - 

24  deg.  20  min.  S  9-^I^°59 

So  is  the  Co- tangent  of  the  Latitude  3  8  d.  28  m.  9.900086 

To  the  Tangent  of  18  deg.  10  min.  19.516145 

Which  18  deg.  10  min.  is  the  diftance  of  the  Subftile 
from  the  Meridian. 

3.  For  the  Plains  difference  of  Longitude , 

As  the  Co-Sine  of  theLatitude  38 deg.  28  ra.  9.793831 

Is  to  the  Radius  90  deg.  1 0.000000 

So  is  the  Sine  of  the  diftance  of  the  Subftile  7  19.493851 

from  the  Meridian  18  deg.  10  min.  $  • — «rr - - 

To  the  Sine  of  30  deg.  00  min.  9.6699201 

J  Which  30  deg  00  min.  is  the  Plains  difference  of 
Longitude..  •  ;  ' 


Sediotii 
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*  • 

Section  IV. 

Of  South  Direft  Reclining  Plaint. 

N  thefe  Plains,  (the  Latitude  of  the  place,  and  the  Re- 
clination  of  the  Plain  being  given)  there  is  only  requi¬ 
red  The  Height  of  the  Pole  above  the  Plain :  In  which  there 
are  Three  Cafes, in  all  which  you  may  find  the  Stiles  height, 
as  followeth  .* 

i.  If  the  Reclination  of  the  plain  be  lefs  than  the  Com¬ 
plement  of  the  Latitude  of  the  place,  fubftraft  the 
Reclination  out  of  the  Complement  of  the  Latitude, 
and  the  remainer  will  be  the  height  of  the  pole  or 
Stile  above  the  Reclining  plain.  But, 
a.  If  the  Reclination  of  the  plain  be  more  than  the 
Complement  of  the  Latitude,  fubftradt  the  Comple¬ 
ment  of  the  Latitude  from  the  Reclination,  and  the 
Remainder  fhall  be  the  Elevation  of  the  pole  above 
the  Plain.  . 

3 .  If  the  Reclination  be  equal  to  the  Complement  of 
the  Latitude,  the  pole  hath  no  Elevation  over  fuch  a 
plain,  but  is  an  iEquino&ial  plain,  and  muft  be  made 
by  the  Rules  delivered  in  the  Twelfth  Chapter  of  the 
Firft  Part  of  this  Book. 

deg.  min. 

Latitude  5 1  deg.  3  2  min.  Comple.  38  28 

Cafe  3  ^clination 


22 


IO 


Height  of  the  pole  above  the  Plain  16  18 


Reclination 

Cafe  >atitude  51  de8*  3 2  min.  Comp. 
Height  of  the  pole  above  the  plain 


62  23 

38  28 

23  55 

Se&ion 
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Se$iorr*V. 

Of  North  Dired  Reclining  Plains . 

IN  thefe  Plains  alio  (the  Latitude  and  Reclination  being 
given)there  is  only  required  The  Height  of  the  Pole  above 
the  Plain. 

To  find  this, 

1.  Add  the  Complement  of  the  Latitude  to  the  Recli¬ 
nation,  and  the  fora  of  them  is  the  height  of  the  Pole  above 
the  Reclining  plain. 

deg.  min. 

Latitude  51  deg.  32  min.  Compl.  38  28 

Reclination  27  12 

Height  of  the  Pole  above  the  Plain.  6 5  40 

2.  But  if  this  Sum  exceed  90  deg.  then  fiibftrad  it  from 
1 80  deg.  and  the  remainder  (hall  be  the  height  of  the  Pole 
above  the  Plain. 

deg,  min. 

Latitude  51  deg.  32  min.  Gomplent  38  28 

Reclination  70  42 

fum.  109  10 

Which  fubftrad  from  180  00 

There  remains  70  50 

Which  70  deg.  50  min.  is  the  height  of  the  Pole  above 
the  Plain. 

3.  If  thefunrof  the  Complement  of  the  Latitude,  and 
the  Reclination  added  together  do  make  juft  90  deg.  then 
that  plain  is  a  Polar  Plain,  and  the  Dial  for  fuch  a  Plain 
muft  be  made  in  all  relpefts  as  is  directed  in  the  16.  Chap¬ 
ter  of  the  Firft  Part  of  this  Book. 

*•  ,  4  ' 

Settion 
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Section  V  1 


Of  Eaft  and  Weft  Diredt  Reclining  Plans. 

*  ’  i 

IN  Eaft  and  Weft  Reclining  Plains  (the  Latitude  of  the 
place,  and  Reclination  being  given)  there  are  required 
the  lame  three  things  as  in  North  and  South  Ereft  Declir 
ners,  namely, 

i.  The  Height  of  the  Pole  ( or  Stile  above  the  Plain, 

2 .  The  dtfance  of  the  Subfile  from  the  Meridian. 

3.  The  Plains  difference  of  Longitude. 

Example,  Of  the  Eaft  or  Weft  Reclining  Plain  Parti. 
Chap.  10.  whole  Reclination  was  35  deg.  00  min., 
and  Latitude  51  deg.  32  min. 

I .  For  the  height  of  the  Pole  (or  Stile )  above  the  Plain. 

As  the  Radius  90  deg.,  10.00000 

Is  to  the  Sine  of  the  Latitude  5 1  deg.  3,2  min.  9.89347 
So  is  the  Sine  of  the  Reclination  35  deg.  975859 

To  the  Sine  of  2 6  deg.  41  min.,  19.65206 

Which  2 16  deg, 41  min.  is  the  height  of  the  Pole  above 
the  Reclining  Plain. 

2.  For  the  difance  of  the  Subfile  from  the  Meridian. 

As  the  Radius  90  deg..  10.00000- 

. . .  '  iMin- 

Is  to  the  Tangent  of  the  Latitude  51  d.  32  m.  10.0999 1 
So  is  the  Co- fine  of  the  Reclination  35  deg.  19.91336 

To  the  Tangent  of  45  deg.  52  min.  _  10.01327 

Which  45  deg.  5  2  min.  is  the  Subftiles  diftance  from  the 
Meridian. 

3.  For  the  Plains  difference  of  Longitude. 

As  the  Sine  of  the  Latitude  51  deg.  32  min.  9.89374 
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Is  to  the  Radius  90  deg.  10.00000 

So  is  the  Sine  of  the  Subfiles  diftance  7  19  85595 

from  the  Meridan  45  deg.  52.  |  * — — - — • 

To  the  Sne  of  66  deg.  27  min.  9.96221 

Which  66  deg.  27  min.  is  the  Plains  difference  of  Lon¬ 
gitude. 


Section  VII. 

Of  South  and  North  Declining  Reclining  Plains. 

IN  Declining  Plains  Recliniug  (befides  the  Latitude  of 
the  place,  Declination  and  Reclination  of  the  Plain  5 
which  are  for  moll  part  given)  there  muft  four  things  be 
found  before  you  can  draw  the  Dial,  viz. 

1.  The  dijlance  of  the  Meridian  and  Horizon. 

2.  The  height  of  the  Pole  or  Stile. 

3.  The  difiance  of  the  Subfile  from  the  Meridian * 

4.  The  Plains  difference  of  Longitude. 

Of  thefe  Plains  you  have  in  the  20,  21,  22,  23,  24,and 
25.  Chapters  of  the  Firft  Part  Six  Varieties,  which  are 
all  that  in  any  cafe  may  happen,  viz.  Three  of  South 
Declining  Reclining,  and  as  many  of  North  Decli¬ 
ning  Reclining.  I  mall  only  inftance  in  two  of  them, 
viz.  one  of  a  South  Reclining  Plain  Declining  Eager¬ 
ly,  and  another  of  a  North  Reclining  Plain  Declining 
Wefterly.  The  Example  of  the  South  Recliner  (hall 
be  that  in  the  third  aud  laft  Variety  of  South  Decli¬ 
nes  Reclining,  and  that  is  of  a  South  Plain  declining 
Eafterly  30  deg.  and  Reclining  55  deg.  as  in  Part  I. 

.  Chap.  22. 

X  2  Lin 
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I.  In  South  Decliners  Reclining. 

i .  For  the  diftance  of  the  Meridian  from  the  Horizon. 

As  the  Radius  90  deg.  10.00000  ' 


Is  to  the  Sine  of  the  Reclination  55  deg. 
So  is  the  Tangent  of  the  Declination  30  deg. 


9.91336 

9.76144 


To  the  Tangent  of  25  deg.  19  min.  19.67480 

Which  25  deg.  19  min.  being  taken  from  90  deg.  leaves 
64  deg.  41  min.  the  diftance  of  the  Meridian  from 
the  Horizon. 

2.  For  the  Height  of  the  Pole  (or  Stile')  above  the  Plain. 
This  will  require  two  Operations 
t.  A9  the  Radius  90  deg.  1 0.00000 

Is  to  the  Sine  of  the  diftance  of  the  Me->  9.95615 
ridian  from  the  Horizon  648. 41  min.( 

So  is  the  Co-Sine  of  the  Reclination  35  deg.  9.75859 


To  the  Sine  of  31  deg.  14  min.  19.71474 

Which  31  deg.  14.  min.  being  lefs  than  the  Latitude 
51  deg.  32  min.  fubftraft  it  therefrom,  and  there  will 
remain  20  deg.  18  min. 

Then  fay  again, 

2.  As  the  Sine  of  the  diftance  of  the  Meridi-?  9.956  r  5 

an  from  the  Horizon  64  deg.  41  min.  i  * — - 

Is  to  the  Sine  of  the  Archlaft  found  aod.  18m.  9.54025 

Sois  the  Co-Sine  ofthe  Declination  60 deg,  9.93753 

19.47778 

To  the  Sine  of  19  deg.  25_min.  9.52 1 63 

Which  1  9  deg.  25  min.  is  the  height  of  the  pole  or  Stile 

above  the  Plain. 

Note,  That  if  the  Arch  found  at  the  firft  of  thefe  Operati¬ 
ons  be  equal  to  the  Latitude  of  the  place  (as  there  it 

'  "  was 


>57 

was  lefler,  viz.  but  31  deg.  14  min.)  then  the  Recli¬ 
ning  Plain  had  been  an  iEcjuino&ial  Decliner,  and 
rauft  be  made  as  by  the  precepts  delivered  in  the 
20.  Chap,  of  the  Firft  Part. 

3.  For  the  distance  of  the  Subfile  and  Meridian. 

As  to-the  Co-Tangent  of  the  Declination  60  d.  10.23856 


9-7H77 

9.54714 


Is  to  the  Sine  firft  found  in  the  laft  pro-1 
portion,  viz.  31  deg.  14  min.  j 
So  is  the  Tangent  of  the  height  of  the  Pole) 

above  the  plain  1 9.deg.  25  min.  j*  - - — 

19.26191 

To  the  Sine  of  6  deg.  2  min.  9.02335 

Which  6  deg.  2  min.  is  the  diftance  of  the  Subftiie  from 
the  Meridian. 

4.  For  the  Plains •  difference  of  Longitude. 

As  the  Sine  of  the  difference  of  the  Arch  ] 
firft  found,  and  the  Latitude  of  the  j> 
place,  viz.  2.0  deg.  i8min.  j 

Is  to  the  Radius  90  deg. 

So-  is  the  Sine  of  the  Subftiles  diftanced 

from  the  Meridian  6  deg.  2  min.  J  - - 

To  the  Sine  of  17  deg.  38  min.  9  48320. 

Which  1 7  deg.  38  min.  is  the  plains  difference  of  Lon¬ 
gitude. 

II.  In  North  Decliners  Reclining* 

In  all  thefe  Plains  (as  well  as  in  South  Rediners)  four 
things  muft  be  found  (befides  the  Latitude  of  the  place, 
and  the  declination  of  the  Plain,  which  are  commonly 
given)  before  the  Dial  can  be  drawn, and  thofe  are  the  fame 
as  in  South  Recliners.  viz. 


9.54015 

ro.oooco 

19.02335. 


1.  The  difiance  of  the  Meridian  front  the  Horizon. 

2.  The  height  of  the  Pole  or-  Stile  above  the  Plain . 


3.  Tht 
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3.  The  diftattce  of  the  Subjiile  from  the  Meridian. 

4.  The  Plains  difference  of  Longitude. 

All  thele  may  be  found  by  the  following  Canons  or 
Analogies.  And  for  an  Example,  1  fhall  make  u(e 
of  the  North  Plain  Declining  Wefterly  60  deg, 
and  Reclining  54  deg.  as  in  the  laft  Example  of 
North  Recliners,  Part  I.  Chap.  25. 

I .  For  the  dijlance  of  the  Meridian  from  the  Horizon. 


As  the  Radius  90  deg.  10.00000 

Is  to  the  Sine  of  the  Reclination  54  deg.  9  9°795 
So  is  the  Tangent  of  the  Declination  60 deg.  10.23856 

To  the  Sine  of  70  deg.  48  min.  9.97306 

To  the  Tangent  of  54  deg.  29  min.  10.14651 


Which  54deg.  29  min.  being  taken  from  90  deg.  leaves 
35  deg.  3 1  min-  And  that  is  the  diftance  of  the  Me¬ 
ridian  from  the  Horizon. 

2.  For  the  height  of  the  Pole  (or  Stile )  abeve  the  Plain. 
This  alio  will  require  two  Operations. 

1.  As  the  Sine  of  the  Declination  60  deg.  9.  93753 


Is  to  the  Radius  90  deg.  10.00000 

So  is  the  Co*Sine  of  the  diftance  of  the  Me-}  19.91059 

ridian  from  the  Horizon  54  d.  29  m.  X - 

To  this  Sine  of  70  deg.  2  min.  add  the  Complement  of 
the  Latitude  38  deg.  28  min.  the  (urn  will  be  108  d. 
30  min.  and  this  Arch  (being  above  90  deg.)  take  it 
from  180  deg.  fo  will  there  remain  7 1  deg.  30  min. 
a.  As  the  Sine  of  the  Arch  firft  found  70  d.  2  m.  9.97306 

Is  to  the  Sine  of  the  Reclination  54  d.  o  min.  990796 
So  is  the  Sine  of  the  Arch  laft  found  71  d.  30  min.  9.07695 


To  the  Sine  of  54  deg.  43  min. 


19.88491 

9.91185 

Which 
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Which  54  deg.  43  min.  is  the  height  of  the  Pole  or  Stile 
above  the  Plain. 

Note,  That  if  the  Arch  firft  found,  viz.  70  deg.  2  min. 
had  been  juft  90  deg.  the  plain  then  had  been  a  po¬ 
lar  declining  Plain,  the  Subftile  and  the  hour  of  fix 
being  the  lame,  and  muft  be  made  by  the  Precepts 
delivered  in  Part  I.  Chapter  23. 

3.  For  the  difance  of  the  Subfile  and  Meridian. 

As  the  Tangent  of  the  declination  54  deg.  10  1 3874 


Is  to  the  Sine  of  the  Arch  firft  found"*!; 
viz.  5 4  deg.  2  9  min.  j 

.  So  is  the  Tangent  of  the  height  of  the  1 
pole  above  the  plain  54  d.  43  min.  j” 


9.9 1 05  9; 
10.15021 


20.06080' 


To  the  Sine  of  5 6  deg,  42  min,  9.9220 6~ 

Which  56  deg.  42  min. or  rather  the  Complement  there¬ 
of  to  1 80  deg.  viz.  123  deg,  18  min.  is  the  diftance 
of  the  Subftile  from  the  Meridian,  according  as  you 
pleafe  to  account  it,  either  from  the  North,  or  from 


the  South. 

4.  For  the  Plains  difference  of  Longitude. 

As  the  Sine  of  the  height  of  the  pole  above"! 

the  plain  54.  deg.  43  min.  f 

Is  to  the  Tangent  of  the  diftance  of  the  Sub- 1 
ftile  and  Meridian  56  deg.  42  min.  j 

So  is  the  Radius  90  deg, 


9.9  1184 


10.1825  r 

10.00000 


To  the  Tangent  of  61  deg.  48  min.  10.27067 

Which  61  deg.  48  min.  is  the  plains  difference  of  Longi¬ 
tude  counted  from  the  North,  or  the  Complement 
thereof  to  180  deg.  viz.  118  deg.  12  min.  is  the  fame 
difference  of  Longitude  counted  from  the  South. 


Sedioni 


160  '  Arithmetical  Dialling . 

*  a  n 

Sedion  VIII. 

Of  the  Hour  Diftances  upon  the  Plains. 

Hitherto  you  have  in  a  general,  plain,  and  ^afie  Me¬ 
thod  ("and  of  all  others  the  moft  exa&)  delivered, 
the  manner  how  to  calculate  the  requifites  belonging  to  all 
lbrts  of  Plains  whether  Dirett,  Reclining ,  Declining, ov  both. 
It  refteth  now,  to  find  the  true  hour  diftances  one  from  a- 
notherupon  any  of  theie  Plains,  and  for  that  (for  all  Dials 
which  have  Centres)  there  is  only  one  general  Analogy  or 
Proportion ,  and  that  is  this.  Having  found  the  Plains  dif¬ 
ference  of  Longitude  $  fay, 

As  the  Radius  or  Sine  of  90  deg. 

Is  to  the  Sine  of  the  height  of  the  Pole  or  Stile  above 
the  Plain. 

So  is  the  Tangent  of  each  hours  diftance(upon  the  dEqui- 
nottial)  from  the  Subftile, 

To  the  Tangent  of  the  fame  hours  diftance  upon  the 
plain  counted  for  the  Subftile. 

Now,  (becaufe  Examples  do  more  confirm  than  barely 
Precepts)  I  (hall  by  President  or  Example  make  plain  all 
that  hath  hitherto  been  delivered,  and  one  (hail  ferve  in- 
ftead  of  many,  and  that  (hall  be  in  an  Upright  or  Ereft  De¬ 
clining  plain,  (which  of  all  Dials  are  the  moft  commonand 
ufc-ful.  )  Suppofe  therefore, 

In  Latitude  5  2  deg.  40  m;n.  an  EreU  Plain  beholding  the 
South ,  to  decline  Wefivcard  24  degrees, 

The  Arithmetical  Calculation. 

By  the  Rules  delivered  in  the  III.  Setfion  of  thefe  Pre~ 
cepts^  you  (hall  find, 


1.  The 
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1.  "The  height  of  the  Pole  (jot  Stile)  above  the  Plain  to  be 
33  deg.  38  min. 

2.  The  dijlance  of  the  Subfile  from  the  Meridian  to  be 
17  deg.  14  min.  And, 

3. -  The  Plains  difference  of  Longitude  to  be  2  9  deg.  15  min, 

TheSe  Requisites  being  thus  attained, the  next  thing  is  to 

find  the  hour  diftances  npon  the  Plain, which  may  be  done 
by  the  I  aft  foregoing  Analogy. 

But  firft,  you  are  to  confider  the  quantity  of  the  Plains 
difference  of  Longitude,  which  here,  in  this  Example,  is 
found  to  be  29  deg.  15  min.  And  becaufe  every  hours 
diftance  upon  the  Equinoctial  is  1 5  deg.  distance  from  the 
Subftile,  or  Meridian  of  the  Plain  5  fo  2  hours  is  30  deg. 
distance,  and  3  hours  is  45  deg.  distance :  This  Plains  dif¬ 
ference  of  Longitude  being  above  15  deg.  (which  is  one 
hours  distance)  and  leSs  than  30  deg.  (which  is  two  hours 
distance)  the  Subftile  (the  plain  declining  Wefterly)  muft 
needs  fall  between  the  hours  of  1  and  2  in  the  After¬ 
noon.  Wherefore  fubftrad  15  deg.  (1  hours  distance) 
from  29  deg.  15  min.  and  there  will  remain  14  deg.  15  m. 
the  Equinodial  distance  of  1  a  clock  from  the  Subftile.  Alfo 
from  30  deg.  (which  is  two  hours  distance)  fubftrad  29  deg. 
15  m.  and  the  remainer  will  be  00  deg.  1 5  min.  for  the  Equf* 
nodial  distance  of  2  a  clock  from  the  Subftile.  Having 
found  the  Equinodial  diftances  of  the  two  next  hour-lines 
on  either  fide  of  the  Subftile  (as  of  1  and  2)  the  reft  are  ea¬ 
sily  found  by  the  continual  addition  of  1 5  deg.  and  fo  is  the 
Column  of  the  Equinodial  diftances  in  the  following  T able 
made.  Being  thus  prepared, the  true  hour  diftances  from  the 
Subftile  upon  the  Plain  may  eafily  be  attained  by  the  fore¬ 
going  Analogy .  I  will  inftance  in  one  hours  distance  for  all, 
and  give  you  the  reft  in  a  Table:  As, 

Let  it  be  required  to  find  the  dijlance  of  one  a  Clock,  ttpon  the 

Plain  from  the  Subfile^  Say, 

As 


Y 


t 
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As  the  Sine  of  90  deg. 

Is  to  the  Sine  of  the  height  of  the  Stile  7 
33  deg.  38  min.  J 

So  is  the  Tangent  of  the  Equino&ial  diftance"! 
of  one  a  clock,  viz.  14  deg.  1 5  min.  j 


1 000000 


9*7 


4341 


9.40478 


To  the  Tangent  of  8  deg.  o  min.  19.14819 

Which  8  deg.  o  min.  is  the  diftance  of  the  one  a  clock 
hour-line  upon  the  Plain  from  the  Subftile.  And  in 
the  lame  manner  may  you  find  the  diftance  of  2  a 
Clock  to  be  o  deg.  25  min.  Of  3  a  clock  8  deg.  53  m. 
Of 4  a  Clock  18  deg.  14  min.  and  fo  the  reft,  as  in 
the  following  Table  for  every  whole  hour.  And  if 
you  defire  halfs  and  quarters  of  hours,  you  muft  in- 
iert  them  in  the  Column  of  Equinoftial  diftances,  al¬ 
lowing  7  deg.  30  min.  for  half  an  hour,  and  3  deg. 
45  min.  for  a  quarter, and  fo  15  deg.  for  a  whole  hour.. 


Hours  Equinoctial  True  hour 


Subftile 


diftances 


diftances 


deg. 

min. 

deg. 

min. 

VIII 

89 

>5 

88 

39j 

IX 

74 

15 

6  3 

1 

X 

59 

15 

42 

57i 

XI 

44 

15 

28 

21  ! 

XII 

1 

29 

15 

17 

.  S4 

r 

14 

15 

8 

c( 

it 

,  0 

45 

O 

25 

m 

*5 

45 

8 

53 

IV 

30 

45 

l8 

14 

I  V 

45 

45 

29 

37 

VI 

60 

45 

44 

'  41 

I;  VII 

75 

45l«5 

22J 

Subftile 


Thas 
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Thus  have  you  the  Arithmetical  Calculation  of  the 
-  whole  Dial ;  it  remains  now  to  Chew  how  thele  hour-lines 
are  to  be  transferred  from  the  Table  to  the  Dial-plain, which 
is  to  be  done  as  followeth. 

The  Geometrical  Projection. 

Firjl,  (Upon  your  Dial-plain)  draw  an  Horizontal-line 
A  B,  and  perpendicular  thereunto  another  line  C  D, for  the 
Meridian  and  Hour-line  of  12. 

Secondly ,  Take  60  deg.  out  of  your  line  of  Chords,  and 
letting  one  foot  in  C,  with  the  other  defcribe  the  Semicir¬ 
cle  E  F  G. 

Thirdly^  Becaufe  the  diftance  of  the  Subftile  from  the 
Meridian  was  found  to  be  17  deg.  14  min.  take  17  d.  14  m. 
from  your  Line  of  Chords,  and  fet  them  upon  the  Se¬ 
micircle  from  F  to  H,  and  draw  the  Line  C  H  for  the  Sub¬ 
ftile. 

South  Declining  Wejl  24  degrees.  Latitude  5  2  deg.  40  min. 


Fourthly, 


> 
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Fourthly ,  The  height  of  the  Stile  being  33  deg.  38  min;, 
fet  that  diftance  upon  the  Semicircle  from  H  to  K,  and  draw 
the  Line  C  K.  for  the  Stile. 

Fifthly ,  (  Having  recourfe  toyour  Table)  take  18  deg. 
39  min.  out  of  your  Line  of  Chords,  and  fet  them  upon 
the  Semicircle  from  H  to  8,  and  draw  the  line  C  8  for  the: 
Hour-line  of  8  of  the  Clock. 


deg. 

min. 

r63 

T 

L 

r9  j 

r 

I: 

rc 

9  T 

42 

57 

1 

10 

: 

c 

10 

18 

2  1 

and  let  the 

j 

ii 

c 

8 

1 1 

Fajlly.y  From 

1 7 

8 

14 

0 

lame  upon 
i  the  Semi- 

12 

1 

and 

c 

c 

12 

1 

your  line  oT 

'  0 

25 

f" circle  up-^ 

2 

1  draw 

5>  .  !  ^ 

!c 

2  > 

Chords,  take 

8 

i8; 

S3 

H 

on  the 
Plain,from 

3  ' 

4 

the 

line& 

c 

c 

3 

4  1 

29 

37 
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"5 

j 

• 

1 

c 

5 

44 
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6 

c 

6 

^5 
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7 
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Lc 
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EG 

o 
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f 
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Thus  is  your  Dial  finilhed,only  the  Stile,  which  muftbe 
let  to  hang  perpendicularly  over  the  Subftile,  making  an 
Angle  at  the  Centre  of  the  Plain  of  33  deg.  38  min.  equal 
to  the  height  of  the  Stile. 

And  thus  have  you  an  Abftraft  of  The  whole  Art  of  Dial¬ 
lings  after  the  moft  exafr  and  compendious  way  of 
performance;  others  may  be  more,  expeditious,  but 
none  more  exaft*  s 


Section:  IX. 


I T  will  be  to  little  purpofe  to  be  thus  curious  in  finding 
1  of  the  true  Pofitions  of  the  Meridian,  Stile,  Subftile  and 
Hour-diftances  in  all  Plains  ,  as  in  the  foregoing  Precepts 
is-  delivered,  unlels  alfo  we  be  as  fevere  or  ftrift  in  finding 
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of  the  Site  or  Pofition  of  the  Plain,  upon  which  the  Dial 
is  to  be  made.  For  what  will  it  fignifie  to  make  the  Dial 
true,  and  place  it  in  a  wrong  Pofition  ?  You  are  in  the 
Geometrical  Part  of  this  Book  taught  how  to  find  the  De¬ 
clination  of  any  Plain ,  and  for  the  finding  ©fit,  to  attain 
the  true  Azimuth  of  the  Sun  is  the  chief  Ingredient,  and 
how  to  perform  that  Geometrically,  is  there  taught  two 
ways.  But  that  the  like  exaftnefs  may  be  in  the  performance 
of  this  alfo,  I  (hall  in  this  place  (before  I  end)  exhibit  the 
manner  of  finding  the  Sun’s  Azimuth  at  any  time,and  m  any 
place,  by  Arithmetical  Calculation. 

Example ,  In  the  Latitude  of  5 1  deg.  min.  the  Sun 
having  17  deg.  56  min.  of  North  Declination ,  and  his 
Altitude  35  deg.  Let  it  be  required  to  find  his  Azd- 
ninth. 

Firjl ,  Add  the  Complement  of  the  Latitude,  the  Com¬ 
plement  of  the  Declination,  and  the  Complement  of  the 
Suns  Altitude  ail  into  one  Sum, and  take  the  half  thereof, 
from  which  half  Sum  fubftrad  the  Compl  ement  of  the  De¬ 
clination,  and.  note  the  difference  as  here  is  done,, 

deg.  min.  deg.  min. 

Latitude  51  S27  C38  28. 

Declination  17  56s,  Complement  <72  04 

Altitude  35  00S-  C55  o® 

fumm  165  32. 

half  fumm  82  4  6~ 


The  difference  between  the  half  fumm  and 
the  Complement  of  the  Declination. 


Then  will  the  proportion  he- 


■  (t.y  As  the  Radius  90  deg.  lo.ooooer 

Is  to  the  Co-fine  of  the  Altitude  5  5  deg.  9.9 1 33:6 
So  is  the  Co-fine  of  the  Latitude  38  d,  28  m,  9.79383 

To- the  Sine  of •  30  deg.  38  min..  19.707  ig; 
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(2.)  As  the  Sine  of  30  deg.  38  min.  970719 

Is  to  the  Sine  of  the  half  fum  82  d.  46  m.  9.99653 
So  is  the  Sine  of  the  difference  10  d.  42  min.  9.26873 

19.26526 

To  this  Sine  9.55807 


To  which  add  the  Radius  or  Sine  of  90  d.  10.00000 

The  Sum  is  19.55807 

The  half  Sum  9779  03 
Which  is  the  Sine  of  3 6  deg.  58  min.  the  Complement 
whereof  is  53  deg.  2  min.  and  that  doubled  is  106  d.  4,  m. 
which  is  the  Suns  Azimuth  from  the  North  part  of  the  Me¬ 
ridian,  which  if  you  take  from  180  deg.  there  will  remain 
73  deg.  56  min.  which  is  the  Azimuth  from  the  South. 
And  thus  may  you  find  the  Sun’s  Azimuth  molt  exactly  at 
any  time. 


POSTSCRIPT. 

IN  the  foregoing  Treatife,  you  have  Four  fever al  ways  of 
making  all  manner  of  Plain  Sun  Dials,  viz.  Two  Geome¬ 
trical,  one  Infirumental,  and  a  Fourth  performed  by  Arith¬ 
metical  Calculation :  It  might  here  be  expe&ed,  that  I  Jhould 
now  fhew  how  to  adorn  and  beautife  thefe  Dials  with  various 
Furniture  relating  to  the  Sun  s  Courfe  3  I  having  done  fome- 
thing  (long  ftnce')  of  that  Nature  in  another  place:.  And  to 
treat  of  them  here ,  would  have  much  enhaunced  the  Price  of 
the  Booked  he  Engraving  and  PrintingCopper  Schemes  being  ve¬ 
ry  Chargeable :  But  to  fatisf  'e  fuch  as  are  delighted  with  Cu- 
riofities  of  this  Nature,  the  Author  hereof,  hath  now  in  the 
Prefs ,  a  Book,  in  Folio  Entituled \ 


Fig.I. 
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(2.J  As  the  Sine  of  30  deg.  38  min. 

Is  to  the  Sine  of  the  half  lum  828. 46  m. 

JT%  »  «  -  - 
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SUPPLEMENT 

T  O 

Geometrical  Dialling,  See. 

CHAP.  I. 

I 

Of  fuch  Circles  of  the  Sphere,  as  are  deferibed 

upon  Sun-Dials. 

MAny  Agronomical  Conclufions  may  be  per¬ 
formed  by  deferibing  of  the  Circles  of  the 
Sphere  upon  Dial-Plains  ;  of  which  I  have 
here  made  choice  of  thefe  following : 
i.  The  Parallels  of  the  Signs,  lhewing  in  what  part 
of  the  Zodiack  the  Sun  is  at  all  times  of  the  year, 

i.  The  Diurnal  Arches,  lhewing  the  length  of  the  day 
and  night  throughout  the  year. 

The  Hours  from  the  Suns Rifing,  or  Setting ;  or  the 
Bahylonijh  and  Italian  Hours. 

4.  The  Unequal,  JewiJh ,  or  Planitary  hours. 

S'  The  Azimuths,  or  Vi ertical  Circles,  lhewing  in  what 
quarter  of  the  World,  or  upon  what  Point  of  the  Mariners 
Compafs,  the  Sun  is  at  all  times  of  the  Day. 

Ax  6.  The 
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■  6.  The  Almicanters,  or  Circles  of  Altitude ;  whereby 
the  Proportion  of  Shadows  to  their  Objects,  or  the  Suns 
height  may  be  known. 

Of  tilde  feme  are  great  Circles  of  the  Sphere,  others 
/mail :  The  great  Circles  in  all  Plains  are  represented  by 
freight  lines t  as  the  hour  lines  themfeives  are :  The  leffer 
Circles  are  defcribed  by  Conick  Sections ;  and  they  are  ei¬ 
ther  Parabolas,  Hyperbolas,  or  Ellipfes :  Only  the  Parallels 
of  the  Signs,  and  the  Diurnal  Arches  in  Polar  Dials ,  and 
the  Parallels  of  Altitude  in  Horizontal  Dials ,  and  per  led: 
Circles. 


CHAP.  II. 

How  to  defcribe  the  Equinoctial  ,  the •  two ,  Tropicks, 
and  other  intermediate  Parallels  of  Declination,  upon  any 
Dial  plain.  '  ‘  -  • 

H  \  '  y.  -  ' 

THe  two  Tropicks  being  the  Boundaries  of  the  Suns 
Courfe,  (for  he  never  exceeds  •  thofe  *  Limits  ,)  I 
count  it  bell,  firll  to  fliew  how  they  may  be  defcribed  ;  for  * 
that  between  them  all  other  Circles  (either  great  or  frdall) 
mult  be  projected ,  and  the  manner  of  defcribing  them 
upon  feveral  Plains  is  various. 

In  a  Polar  Dial  they  are  perfect  Circles,  and  fo  are  ea- 
lily  defcribed  by  Circles  drawn  about  the  foot  of  the.  per¬ 
pendicular  file ;  in  all  other  Plains  they  are  Sell  ions  of  a- 
Ccne ... 

I.  In  the  EquinoClial,  and  direct  Eaft  or  Weft  Dials. 

Let  an  Example  be  of  a  direCt  Eajl  Dial  in  the  Lati¬ 
tude  of  5 1  d.  ]  'um. 

How  to  defcribe  the  hour-lines  upon  thefe  Plains  is  ■ 

fhewed  in  the  fixth  Chapter  of  this  Book.  Wherefore  luch 

a  Dial; 
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a  Dial  being  drawn  as  in  Figure  I.  through  the  foot  of  tlie 
perpendicular  f  ile  at  E,  draw  a  right  Line  M  E  N,  Parallel 
to  the  Horizon ;  for  the  Horizontal  Line,  in  all  Plains, 
mult  be  drawn  through  the  foot  of  the  perpendicular  Jlile, 
and  alfo  through  the  Point  where  the  Equinottial  Circle 
cro/leth  the  Hour-Line  ot  Six.  Your  Dial,  with  the  Equi- 
noclial  Line  thereof,  H  E  S,  being  drawn  ,  come  we  to 
defcribe  the  Tropicks:  To  effect  which,,  • 

Firfl,  Upon  a  piece  of  fine  Card-Paijl -Board  draw  a 
right  Line  O  R,  as  in  Figure  II.  reprefenting  the  Equi- 
rntlial  Line  in  your  Dial ;  and  (becaufe  the  Tropicks  are 
2  3  deg.  30  min.  diflant  from  the  EquinoSlial )  with  60  deg. 
of  your  Chords,  upon  the  point  O,  defcribe  an  Arch  of  a 
Circle,  and  upon  it  fet  23  deg.  30  min.  from  R  to  S,  and 
draw  the  Line  O  S,  reprefenting  the  two  Tropicks  ;  and 
this  Angle  S  O  R,  I  call  a  Trigon. 

Secondly,  Out  of  your  Dial  take  the  length  of  the  per¬ 
pendicular  Stile-  E  G,  and  fet  it  upon  the  Trigon  from  O 
to  P,  and  draw  the  Line  P  6  perpendicular  to  OR:  Alfo 


Take  the  di¬ 
flance  fromG,, 


7*>  with  the  Ecjui-  r?]  , 

8  ]  nodial ,  and  j  r  |  ‘jraw 


‘1 

r 


7 

8 


per- 

pen- 


to  the  Interfe-  i  9  >fet  them  upon«{  s  brp  w<fx  9  j»dicu- 

_ I  i  .  l  „  _ «  .  i  tile  i  7  1 


dion  of  the  1  10  I  the 


Trigon  1 1 


!  t 


'JO 


lar  to 


Hour-Line  offi ij'from  O,  to  u ^nes  njOR„ 


Having  thus  prepared  the  Trigon,  out  of  it  take  the 
diflance  P  6,  and  fet  it  upon  the  6  a  clock  hour  dine,  from 
E  to  c  :  - — -  Alfo  take  the  diflance  q  7,  and  fet  it  upon 

your  Plain  from  Y  to  b,  and  from  VII  to  d : - Alfo  take 

r  s,  and  fet  it  on  your  Plain  from  IY  to  a,  and  from  VII1 1 
toe:- —  Likewife  take  the  diflance  r  9,  and  fet  it  upon 
your  Plain  from  IX  to/:  —  Alfo  take  the  diflance  10  ,. 
t,  and  fet  it  from  X  to  g  —  Laftly,  take  v  11,  and  fet  it 

on  the  Plain  from  XI  to  h. 

*  \ 


Thefe, 
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Thefc  Points  a,  l,  c,  d,  e,f,  g,  h,  are  the  Points  through 
which  the  Tropick  of  Cancer  muft  be  defcribed ;  wherefore, 
if  through  them  a  line  be  drawn  with  an  even  hand,  ma¬ 
king  no  Angles, that  lhall  be  the  Tropick  of  Cancer . 

The  Tropick  of  Capricorn  may  be  defcribed  in  the  fame 
manner,  for  if  from  your  Trigon  you  take 

8  r~l 

9  s  v, 

10  tC 

11  vj 

«  •*  \  i  *2 

Thofe  lhall  be  the  Points  through  which  the  Tropick  of 
Capricorn  muft  be  defcribed;  wherefore  if  through  k  Imn, 
a  line  be  drawn  with  an  even  hand,  it  lhall  reprefent  the 
Tropick  of  Capricorn : 

-  .  ;  ■-  i:iO 

And  whereas  I  faid  before,  that  the  two  Tropicks  are 
the  Boundaries  of  the  Suns  Courfe,  you  are  to  Note, 

That 

»  t  '•  .  ^  ^  *  *  i  v  * 

WhenC Capricorn, CDecem.n.*lthe  lhadow  of  the 
the  Juries,  or  f  which  A  March,  i  o.  f  top  of  the  Stile  will 
Sun  jfLihra,  f  is  about  Ssept.  i  2.  f  pals  along  thofe  re- 
isinc Cancer,  j  tjune>  i  i-jfpe&ive  Lines. 

And  according  to  this  Method  may  any  other  interme¬ 
diate  Parallels  of  Declination  be  inferted ;  as  for  Example : 
Suppofe  I  would  infert  the  Parallels  of  the  Suns  entrance  in¬ 
to  the  1 2  Signs,  Aries  and  Libra  are  inferted  already,  alfo 
Cancer  and  Capricorn  ;  for  the  reft,  as  when  the  Sun  enters 

into 


Taurus, 

ft. 

r '  "f  t  s 


The  diftance 


fVHI  kl 
And  fet  it  upon  your^IX  l( 
Dial-Plain  from  SX  mf 

fx  I  nj 


.  'V*  • 
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Taurus, 

vJr&°>  Che  Sun  hath  1 1  deg.  30  min.' 
Scorpio ,( 

Pi  fees, 

Gemini, 

Le°y  K  the  Sun  hath  20  deg.  1  zmin. 

Sagittarius, 

Aquarius, 


■of  Declination 


B 


Wherefore  take  11  deg.  30  min.  and  20  deg.  iz  min. 
out  of  your  Line  of  Chords,  and  fet  them  upon  Arch  R  S 
of  your  Trigon,  from  R  to  V  and  X,  and  draw  the  two 
Lines  O  U  and  O  X. 

Thefe  Parallels  being  thus  put  into  your  Trigon,  they 
may  be  transferred  into  the  Vial  Plain,  in  all  refpedfs,  as 
the  Tropicks  were ;  and  as  you  fee  done  in  the  Figure  I. 

II.  In  a  Direct  North  or  South  Dial.  Figure  III 

Having  drawn  your  Dial  as  is  taught  in  Chapter  V.  to¬ 
gether  with  the  Stile,  your  firft  work  muft  be  to  propor¬ 
tion  your  Stile  to  your  Plain  ;  which  to  doe,  a  flume  any 
convenient  point  in  the  Subfile  (here  the  Line  of  XII)  for 
the  farthermofl  Tropick,  as  here  the  Point  ©  ;  then  the 
Stile’s  height  being  38  deg.  z8  min.  add  23  deg.  32  min. 
thereto,  the  Summ  is  6z  deg.  and  that  isthe  Meridian  Alti¬ 
tude  of  the  Sun  when  he  enters  Cancer,  and  the  Comple¬ 
ment  thereof  is  28  deg.  wherefore,  upon  the  Point  Can¬ 
cer,  make  an  Angle  B  s  A  to  contain  28  deg,  fo  final!  the 
Line  ®A  cut  the  Axis  of  the  Stile  Oh,  in  A;  then 
from  A  let  fall  a  Perpendicular  to  O  ©,  as  A  B ;  and  fo 
is  your  Stile  proportioned  to  your  Plain ;  and  the  Line  C 
B  D,  (being  drawn  Parallel  to  the  Horizon,  through  the 
Point  B)  fhall  be  the  Horizontal  Line  of  the  Plain. 


This 
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This  done,  prepare  a  Tricon,  as  Figure  IV.  in  which 
make  EF  equal  to  O  A,  and  F  G  equal  to  O  B,  and  E  G, 
to  A  B,  the  Triangle  EFG  in  the  Trigon ,  equal  to  the  Tri¬ 
angle  of  the  Stile  O  A  B  in  the  Dial. 

From  the  Point  E  draw  a  Perpendicular  to  E  F,  as  E 
ix,  for  the  Equinoctial ;  and  upon  E,  with  60  deg.  of 
your  Chord  defcribe  an  Arch  H 12  L,  and  upon  it  let 
deg.  30  min.  from  ix  to  H  and  L,  4  drawing  the  Line 
E  H  tor  the  Tropick  of  Cancer,  and  E  L  for  the  Tropick  of 
Capricorn : 

Draw  the  Subftilar  Line  F  G  quite  through  the  Trigon, 
eroding  the  Equinoctial  in  a,  and  both  the  Tropicks. 

This  done,  out  of  your  Trigon  take  the  diftance  from  F 
to  a,  and  let  it  upon  the  Dial  plain  from  the  Center  O  to 
c,  through  which  Point  c  draw  the  right  Line  r  c  £5  for 
the  Equinotlial :  Then  from  O,  the  Center  of  your  Dial, 
take  the  diftance  to  the  interledfion  of  the  Hour-Line  of 
1 1  or  r  with  the  Equinotlial,  and  let  that  diftance  upon 
the  Trig  on  from  Fto/5:  —  Alfo  take  the  diftance  from  O, 
to  the  interfetftion  of  the  Hour-Line  of  10  or  x,  and  fet  it 
from  F  to  c :  — —  Likew'ife  the  diftance  from  O,  to  the  in- 
terfedfion  of  the  Hour- Line  of  9  or  3,  let  from  E  to  d : 

- And  laftly,  the  diftance  from  O,  to  the  interfedfion 

of  8  or  4,  with  the  Equinotlial,  let  Irom  F  to  e ;  and  draw 
the  Lines  F  a,  F  l,  F  c,  F  d,  F  e,  through  the  Trigon, 
marking  them  with  ix,  11, 10,9,  8  and  1,  x,  3,  4,  CSV. 

Now  to  find  the  Points  upon  the  Plain,  through  which 
the  Tropicks  mult  pafs ; 


The  Diftance 
from  F  to 


will  reach  from^  T  7?T  \ I2, 


12 

i oS  O,  the  Center  of  x  -  SP.our'  ^ 11 

3S&  m. »  l  $  te 


1 

x 

V 


Through 
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Through  which  points  the  Tropic k  of  Cancer  muft  be 
drawn  with  an  even  hand  :  And, 

r-ii-) will  reach ^  1% 

The  dif  ^  if  from  0,the\  kJ  upon  tlie^ii  x 

ftance  from  <  z>  Center  ol  <  Ip  Hour  -  lines^  10  z 

F  to  a  A  the  DialjJmKyoi  a  9  "i 

^  4-^to  C  g  4 

\  '  r  _ »  \  s 

Through  which  Points  the  Tropick  of  Capricorn  muft 
be  drawn.  And  thus  have  you  the  Equinoctial,  and  the 
two  Tropicks ,  deferibed  upon  a  dired  iouth  Plain. 

III.  How  to  deferihe  the  Equinodial,  and  the  two  Tro¬ 
picks  into  any  Upright  Declining  Plain  ;  or  into  fuch 
as  loth  Recline  and  Decline. 

Our  Example  fiiall  be  in  an  ?Jpright  Plain,  declining 
from  the  South  Wejhvard  30  deg.  The  making  of  thele 
Dials  is  taught  in  the  VII.  and  VIII.  Chapters  of  this  Book  : 
Wherefore,  having  drawn  fuch  a  Dial,  witli  the  Stile  and 
Sulflile  in  a  due  Pofition,  you  fhall  find  the  height  of  the 
Stile  to  be  3 z  deg.  36  min. 

Fir  ft.  Make  an  Horizontal  Dial  for  the  Latitude  of  \z 
deg.  36  min.  as  is-  the  Declining  Dial  Fig.  V,  where  the 
Subflilar  Line  is  taken  for  the  Hour-Line  of  iz,  as  it  is 
there  marked,  and  the  other  Pricked-Lines,  and  the  Hour- 
Lines  of  an  Horizontal  Dial  for  the  Latitude  of  3  z  deg.  3  6 
min.  Now,  if  according  to  the  diredions  of  the  forego¬ 
ing  Sell  ion,  you  make  a  Trigon,  and  infert  the  Equinoctial 
and  Tropicks;  and  afterwards  expunge  the  obfeure  Lines  of 
the  Horizontal  Dial,  the  Equinoltial,  Tropicks f  and  Hori¬ 
zontal  Line  will  be  the  fame,  as  if  they  had  been  inferted 
from  the  true  Hour-Lines  belonging  to  the  Plain. 


B 


And 
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And  as  the  7  ropicks  were  defcribed,  fo  likewife  may  the 
Parallels  of  the  Suns  Entrance  into  the  other  Signs, 
be  inferted,  if  into  your  Trigon  you  put  the  Arches  of 
their  Declinations  irom  the  Equinollial,  namely  n 
deg.  30  min.  and  zo  deg.  iz  min.  And  foare  the  Pa¬ 
rallels  of  the  Signs  put  into  this  Dial,  Fig.  V - 

And  in  any  Dial  alfo  may  the  Diurnal  Arches  be  delcri- 
bed,  if  you  put  into  the  Trigon  fuch  Declinations  as 
the  Sun  hath  from  the  Equinollial,  when  the  Day  is 
either  ' 

min. 

jo 

40 

55 

V 

55 
00 

And  lo  are  the  Diurnal  Arches  put  into  the  South-Plain, 
reprefented  by  the  Pricked  lines  there,  in  Fig.  HI,  and  the 
Trigon  thereunto  belonging  Fig.  IV. 


CHAP.  III. 

.How  the  Hour sfrom  the  Sun’s  Riling  and  Setting  are  to  he 

infcriled  into  all  forts  of  Dial-Plains. 

THe  Hours  from  Sun-Pi fing  are  called  the  Bahylonifh 
Hours,  for  that  they  begin  their  Day  at  the  Sun  s 
pijing;  and  the  hours  from  Sun-Setting  are  called  the  Itali¬ 
an  hours,  for  that  in  It  ally  they  account  their  Time  from 
the  Setting  of  the  Sun  the  day  preceding. 

The  manner  how  to  infcribe  thefe  hours,  is  the  lame  in 

all  Plains,  and  is  eafily  performed::  And  becaufr  that  up¬ 
on 


on  a  full  South,  or  Horizontal  Plain,  they  will  appear  moft 
uniform ;  I  have  therefore  made  choice  of  a  dire&  South 
Did,  as  is  Fig.  III.  to  infcribe  them,: 

Your  Dial  being  drawn,  and  the  Equinoctial,  Y  the 
two  EropicksfixA  ®  ®,and  ^  W,  and  tHe  Horizontal- Line, 
Sun  Rife,  Sun  Set ;  you  muft  ( by  the  la  ft  Chapter )  de- 
fcribe  two  obfcure  Parallels  of  Declination ,  one  when  the 
Day  is  8  hours  long,  as°  8  ©,  and  the  other  when  the 
Day  is  1 6  hours  long,  as  *  1 6  *,  the  Equinoctial  being 
the  Parallel  when  the  Day  is  iz  hours  long. 

Being  thus  far  prepared,  the  infcription  of  thefe  hours 
will  be  very  eafie  ;  for  it  is  plain,  that  when  the  day  is 
but  8  hours  long,  that  the  Sun  rifes  at  8  in  the  Morning ; 
and  the  firft  line  after  the  Sun  s  Rifng  is  9  in  the  Morning; 

- Alfo  when  the  day  is  12  hours  long,  the  Sun  Rifes  at 

6  in  the  Morning,  and  the  firft  hour  after  is  7  in  the  Mor¬ 
ning;  - Laftly,  When  the  Day  is  16  hours  long,  the 

Sun  rifes  at  4  in  the  Morning,  and  the  next  hour  after  is 

$  in  the  Morning :  - - And  all  the  reft  as  in  this  Table. 

Wherefore, a  ftreight  line  drawn 
through  the  interfe&ions  of 
thefe  hour-lines,  with  the  Pa¬ 
rallels  of  8,  12  and  id  hours, 
ftiail  be  the-  firft  hour  after  the 
Sun  Rifng  all  the  year  long. 

In  like  manner,  if  you  would 
infer t  the  feventh  hour  after 
the  Sun  Rifng  :  By  the  Table 
you  fee,  that  in  the  Parallel  of 
VIII  hours,  for  the  length  of 
the  Day,  the  feventh  hour 
from  Sun  Rifng  is  3  in  the  af¬ 
ternoon  ;  therefore  obferve 
where  the  hour-line  of  3  crof- 

leth  the  Parallel  of  VIII  hours,  which  is  at  a. - -  Alfo 

by  the  Table  you  fee  that  in  the  Parallel  of  XII  hours,  for 

B  2  the 


Length  of  the  Day. 
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the  length  of  the  day,  the  feventh  hour  from  Sun-Rifing 
is  i  in  the  Afternoon ;  wherefore  obferve  where  tiie  hour- 

hne  of  I  crofleth  the  Equinoctial ,  which  is  at  b. - 

Thirdly,  By  the  Table  you  fee,  that  in  the  Parallel  of 
XVI  hours,  for  the  length  of  the  Day,  the  feventh  hour 
from  the  Suns  Riling  is  n  in  the  Forenoon ;  and  therefore 
obferve  where  the  hour-line  of  XI  crofleth  the  Parallel  of 
XVI  hours, for  the  length  of  the  day,  which  is  ate;  fo  fliall 
a  right-line, drawn  through  thefe  three  Points,  a,  b,  c,  be  the 
feventh  hour  after  the  Sun  s  Rifing  throughout  the  year  : 
And  thus  by  help  of  this  little  Table,  may  all  the  hour-lines 
from  the  Sun’s  Rifing  be  drawn  as  you  fee  them  drawn,  and- 
numbred,  as  in  Fig.  III. 

In  the  fame  manner,  as  the  hours  from  the  Sun’s  Rifing 
(which  are  the  Babylonij})  hours)were  drawn,  may  the  hours 
from  the  Sun’s  Setting  (which  are  the  Italian  hours)  be 
drawn  The  difference  being  only  in  the  numbering  of 
them  ;  the  hours  from  Sun-Rifing  being  numbred  from  the 
IVefi  end  of  the  Horizontal-line  *  by  i,  z,  3,  4,  5,  6,7,8,  9, 
10 :  And  the  hours  from  Sun-Setting  from  the  Eaji  end  of 
the  Horizontal-line  backwards, .  by  z%,  zz,  z  r ,  zo,  *9>  t  8, 
17,  16,  ic,  14,  133  all  which  is  evident  in  the  forenamed, 
Fig.  III.  •; 

:  COROLLA  R  T.  \ 

The  hour-lines  from  Sun-Rifing  and  Setting  being  de¬ 
ferred  upon  any  Dial-Plain,  as  is  before  taught,  there  will 
by  their 'Correfpondent  interfedtions  one  with  another,  be- 
Points  produced,  through  which  if  Lines  be  drawn  with  an 
even  hand,  the  fame  ihall  be  the  Parallels  of  the  Length  of 
the  Day,  andfuch  are  the  Pricked  Lines  in  Figure  III,  num¬ 
bred  upon  the  Meridian-Line,  of  the  Dial,  by  8,  9,  ior 
11,  1  a,  13,  14,  15,  rtf*.  - 
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CHAP.  IV.  ^ 

Of  the  Jewilh,  or  Old  Unequal,  Planitary-hours,  and  hovo 
they  may  be  infcribed  upon  any  Dial-Plain. 


THe  Ancients  account  of  their  day,  was  from  the  Sun’s 
Rifing  in  the  Morning,  till  it’s  Setting  in  the  Eve¬ 
ning,  which  fpace  of  time  they  did  divide  into  twelve  e- 
qual  Parts,  were  it  long  or  fliort :  So  that  in  the  Summer 
all  that  time  that  the  Sun  hath  North-Declination,  the  hours 
of  their  day  were  longer  then  a  Common  equal  hour ;  and 
in  the  Winter,  when  the  Sun  hath  South-Declination,  the 
hours  of  their  day  were  Ihorter  than  a  common  hour ;  but 
when  the  Sun  is  in  the  E^uinottial,  their  hours  are  equal 
to  our  Common  hours. 


The  Inlcription  of  thefe  hour-lines  into  all  forts  of  Plains 
is  very  eafie,  being  much  like  the  Infcription  of  the  Italian 
and  Babylonijh  hours,taught  in  the  laft  Chapter, , 


i£  4  Geometrical  Dialling. 

Having  drawn  your 
Dial,  with  hours,  halfs, 
and  quarters  ;  and  al- 
fo  the  Equinotlial , 
the  two  Tropicks , 
and  Horizontal  Line  ; 
and  alfo  the  Paral¬ 
lels  of  the  length 
of  the  day ,  as  is 
done  in  Figure  VI, 
which  is  a  South  Dial 
declining  Eajlward  iq 
deg.  you  mull  make 
choice  of  two  Paral¬ 
lels  ok  the  length  of 
the  Day,  which  mull 
both  of  them  be  equi- 
diftant  from  the  Equinoctial,  which  let  be  the  Parallels  of 
9  hours,  and  1 5  hours,  for  thofe  two  Parallels  are  moil 
convenient  for  this  purpofe ;  becaufe  the  J ewifh  hours  in 
thofe  Parallels  will  juftly  fall  upon  the  even  hours,  halfs, 
or  quarters .-  Now  the  Points  through  wiiich  the  JewiJh 
hours  are  to  be  drawn,  this  Table  will  diredl-  to ;  wherein 
you  fee,  that  the  firft  JewiJh  hour  is  to  be  drawn  through 
5-  hours,  45  min.  in  the  Parallel  of  xj  hours,  through  7  in 
the  Equinotlial,  and  through  8  hours  and  1  q  min.  in  the 

Parallel  of  9  hours :  - In  like  manner  the  fecond 

JewiJh  hour  mull  be  drawn  through  the  interfedion 
of  the  7  hours  in  the  Parallel  of  ij  hours,  through 
8  in  the  Equinotlial ,  and  through  9  in  the  Parallel 
of  9  hours :  And  fo  mull  all  the  reft  of  them  be  de- 
fcribed  as  the  Table  does  diredt,  and  as  you  lee  done  in 
Figure  V.  And  in  this  manner,  by  help  of  this  Table,  may 
they  be  defcribed  in  all  forts  of  Plains,  whither  Diredt,  Re¬ 
clining,  or  Declining. 


The 

Jew¬ 
iJh , 

1 he  Paral¬ 
lel  of  15 
hours. 

Equi¬ 

notli¬ 

al. 

The  Paral¬ 
lel  of  9 
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Ho. 

Min . 

Ho. 

Min. 

S 

4  5 

7 

8 
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11 

7 
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8 

9 

0 

III 

8 

15 

9 

9 

45 

IV 

9 

30 

IO 

IO 

30 

V 

IO 

45 

II 

11 

15 

VI 

IX 
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IX 

IX 

O 

VII 

I 

15 

I 

0 

45 

VIII 

X 
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X 

I 

3° 

IX 

3 

45 

3 

'  X 

15 

X 

5 

0 

4 

3 

0 

1 

XI 

6 

$ 

3 

45 

xn 

7 

30 

6 

4 
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CHAP.  V. 

How  the  Azimuths,  or  Vertical  Circles,  are  to  le  infcrihed 

upon  Dial  Plains. 

THe  Azimuths  are  great  Circles,  and  being  Proje<3ed 
upon  all  Plains,  become  {freight  Lines ;  and  they 
are  varioufly  defcribed,  according  as  the  Plain  is  fituatcd ; 
particulars  of  which  follow. 


SECT.  I. 


On  an  Horizontal  Plain.  * 

. .  .  '■  \  .  <■'  '  & 

IN  thefe  Plains  thefe  Azimuths  are  moil:  eafily  inferted  %- 
For,  your  Dial  being  drawn,  with  the  Tropicks  and 
Azimuths  thereupon,  you  have  no  more  to  doe,  then  up¬ 
on  the  foot  of  the  perpendicular  Stile  at  O  (in  Figure  VII) 
as  a  Centre,  to  defcribe  a  Circle,  as  S  ®,  N®,  which  you 
may  divide  into  31  equal  Points  (beginning  at  N)  anl’we- 
ring  to  the  31  Points  of  the  Mariner  s  Compafs,  (or 
elfe  you  may  divide  it  into  90  equal  parts,  or  degrees,)  - 
noted  with  *  *  &c,  and  through  thole  Points  draw 

{freight  Lines  from  O,  the  foot  of  the  perpendicular  Stile, 
and  they  {hall  be  the  true  Azimuths  upon  the  Horizontal 
Plain ;  which  you  may  denominate  by  South,  Sby  E>Ss  i, 
S  E  by  S,  &c.  as  you  fee  dope  in  Figure  VII.. 


SECT 
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SECT,  H. 

Qponan  Erett,  Dirett  Eaft,  or  Weft  flam,  Figure  I. 

HAving  made  an  Eafi  Dial,  and  therein  inferted  the 
Equinoctial,  the  two  Tropicks,  and  the  Horizon¬ 
tal  Line,  you  may  proceed  to  the  Infcription  of  the  Azu 
muths  in  the  manner  following. 

Upon  the  Point  E,  of  the  Horizontal  Line  of  the  Plain 
MEN,  eretft  the  Perpendicular  E  Q_,  equal  to  E  G,  ( the 
height  of  the  Stile  of  your  Dia!,)and  upon  Q_,  as  a  Centre, 
defcribe  the  Quadrant  Q_E  L,  and  divide  it  into  eight  e- 
qual  parts,  reprelenting  one  quarter  of  the  Mariner  s  Com- 
pals,  and  from  Q^,  through  thofe  Points,  draw  Lines  to 
the  Horizontal  Line  MEN,  noting  them  with  O  ©  O  O 
©  O  ;  from  which  Points  let  fall  Perpendiculars  from  the 
Horizontal  Line ,  and  they  fhall  be  the  Azimuths  between 

the  South  and  the  Eafl  ; - And  for  thofe  Points  which 

fall  between  the  Eafl  and  the  North ;  namely  E  by  N,  • — - 

EN  E, - N  E  by  N,  — ■ —  the  fame  diftances  being  fet 

upon  the  Horizontal  Line  from  E,  towards  the  Left  hand, 

as  the  three  firft  Azimuth s,E  by  S, - ES  E, - S  E  by E, 

were  towards  the  Right  hand,  fhall  give  the  three  Points 
O  O  ©on  the  Left  hand  of  E ;  through  which  Points  alfo 
Lines  drawn  Perpendicular  to  the  Horizon,  fhall  be  the 
Azimuths,  or  Points  of  the  Compafs  between  the  Eafl  and 
the  North :  As  in  the  Fig.  I.  And  as  the  Eafl  Dial  contains 
the  Azimuths  between  the  South  and  the  Eafl :  The  Wefl 
Dial  muft  contain  thofe  between  the  South  and  the  Wefl. 


SECT. 
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'  SECT.  III. 

Vpon  a  dirett  South  upright  Plain.  Figure  III. 

He  Dial,  with  the  Equinollial ,  the  two  Tropicks,  and 
the  Horizontal  Line  defcribed  thereon,  the  Azi¬ 


muths  may  be  inferred  thereon  as  folioweth  : 

Fir  ft.  Take  the  length  of  the  perpendicular  Stile  of  your 
Dial  A  B,  and  fet  it  upon  the  Meridian  of  your  Dial  from 
B  to  G. 

Secondly,  With  the  diftance  G  B,  upon  G,  defcribe 
the  Semicircle  EBF,  which  divide  into  16  equal  parts,  (If 
you  will,)  but  I  have  here  divided  it  but  into  8,  to  Ihew 
the  manner  of  the  Work,  in  the  Points  ****  35V.  through 
which  Points  from  G,  draw  obfcure  lines,  extending 
them  till  they  touch  the  Horizontal  Line  of  the  Plain 
C  B  D ;  now  if  from  thefe  Points  of  touching  you  draw 
lines  perpendicular  to  the  Horizontal  Line  between  the 
T) ropicks,  or  Parallel ,  to  the  line  of  i  z,  they  ihali  be  the 
Azimuths  required. 

I  have  not  drawn  the  lines  themfelves  in  this  Fig. 
III.  becaufe  the  Plain  is  full  enough  of  Lines 
already. 


SECT.  IV. 


Vpon  a  South  Declining  Plain.  Fig.  VI. 

AN  Example  lhall  be  of  a  South  Plain,  declining 
Eaftward  15  deg. 

Such  a  Dial  being  drawn,  and  the  Equinottial  Tropicks 9 
and  the  Horizontal  Line  infcribed  thereon  :  Upon  the 


C 


Point 


Point  B  of  the  Horizontal  Line  eredt  the  perpendicular 
B  C,  equal  to  B  O,  the  perpendicular  Stile  of  your  Dial ; 
upon  which  Point  C  defcribe  the  Semicircle  R  B  S  ; 
which  done,  lay  a  Ruler  to  C,  and  the  Point  ©,  where 
the  hour  line  of  1 1.  crofleth  the  Horizontal  Line, and  where 
the  Ruler  cuts  the  Semi-circle  R  B  S,  at  that  Point  begin 
to  divide  it  into  1 6  equal  parts,  at  the  Points  ***  ©V.. 
and  from  the  Center  C  draw  lines  through  thofe  Points, 
extending  them  till  they  touch  the  Horizontal  Line 
D  E  ,  in  the  Points  ahcdefghik  and  /,  through 
thefe  Points  right  lines  being  drawn  Parallel  to  the  Meri¬ 
dian,  (hall  be  the  Azimuths  defired  ,.  which:  you  mu  ft 
number  according  to  the  fituation  of  the  Plain  :  Namely, 
the  Weftern  Azimuths  on  the  Eaft  fide  of  the  Meridian , 
and  the  Eaft  Azimuths  on  the  Weft  fide  of  the  Meridian 

as  you  fee  them  numbred  in  Fig.  VI. 

. 

•"’ll  rmninmn  u ujm ,|  II  in  mi  I  I  -  -  M  ina.i.  ■  mi—  i  I  ■  I  imlch  uil«uiwiiw*ii — 

4  * 

chap.  vi. 

How  to  infer  ile  the:  Circles  of  the  Sun  s  Altitude  into 

Dial-Plains, . 

*  ,  | 

■  *_  C  ...  4.3V-  • 

s"T^He  Almicanters,  or  Circles  of  Altitude,  in-  the  Sphere 
1  have  the  fame  habitude  to  the  Azimuths,  or  Ver¬ 
tical  Circles,  as  the  Parallels  of  declination  have  to  the 
Meridians,  or  Hour-Circles :  And  therefore,  the  Equinoc¬ 
tial  it  felf,  and  all  the  Parallels  of  declination  in  a  Po¬ 
lar  Plain,  and  perfedt  Circles,  and  fo  are  the  Almicanters ,, 
or  Circles  of  Altitude,  upon  an  Horizontal  Plain,.,  as  in 

Fig.  VII.  .  .  , 

Horizontal  Plain?, ..  which  lie  Parallel  to  the  Horizon ,, 
have  the  Zenith  for  their  Poles  ;  fo  that  for  the  inlcripti- 
on  of  them  upon  thefe  Plains,  the  foot  of  the  perpendicu¬ 
lar  Stilt  muff  be  the.  Centre  upon  which  to  defcribe 
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For  the  Numeration  of  thefe  Circles  when  they  are 
defcribed,  there  are  two  ways  molt  in  Ufe :  The  one  by 
Degrees  and  Minutes  of  the  Suns  Altitude  ;  the  other  ac¬ 
cording  to  the  proportion  that  the  height  of  any  upright 
OhjeEl  (as  a  Houfe,  Steeple,  &c.)  bears  to  the  lhadow  ot  it: 
The  lad  of  which  I  have  here  followed  in  this  Figure  VO. 
where  the  Circles  of  Altitude  are  equal,  double,  triple,  and 
quadruple  to  the  Altitude  of  the  perpendicular  Stile. 

The  infeription  of  thefe  Circles  into  all  other  Plains, 
are,  in  a  kind,  the  fame  with  the  infeription  of  the  Paral¬ 
lels  of  Declination  .*  Only,  whereas  in  inferibing  of  the 
Tropicks,  and  other  Parallels  of  Declination,  you  take  the 
Hour-lines  out  of  the  Dial-Plain,  and  put  them  into  a 
Trigon  ;  fo  in  the  infeription  of  thefe  you  mull  take  the 
«, Azimuth  Circles  out  of  your  Plain,  and  put  them  into  a 
Trigon ,  and  from  thence  transfer  them  back  again  to  your 
Plain,  as  in  the  other :  And  as  the  Hour-lines  in  the  other, 
mull  be  fird  drawn  upon  the  Plain ;  fo  in  this  mud  the  A- 
zimuths  be  fird  inferibed :  And  becaufe  thefe  Circles  of 
Altitude  are  fmailer  Circles  of  the  Sphere ,  as  the  Tropicks 
and  Parallels  of  Declination  were,  they  will  upon  all 
Plains  (the  Horizontal  excepted)  be  Conick  Sections. 


•  .  -  CHAP.  VII. 

A  General  and  Eajle  way  to  project  Hour-lines  upon  all 
kind  of  Superficies ,  without  any  regard  had  to  their 
J, landing. ,  either  in  refpect  of  Declination,  Reclination , 
or  Inclination. 


IF  a  Point  be  afligned  upon  any  Superficies,  Flat,/  or 
Curved,  one  or  more,  wherein  the  Hour-lines  and 
Axis  fliall  concur ;  how  to  project  the  Hours  to  that 
Point,  and  to  fet  up  an  Axis  after  the  ordinary  manner  to 

C  z  give 


2  o  Geometrical  Dialling. 

give  fhadow  to  them,  without  any  knowledge  how  the 

Dial  flandeth  in  refped  either  of  Reclination,  Declination, 
or  Inclination. 

Firft,  To  the  Point  afiigned  (upon  any  fide  of  it) 
by  help  of  a  Semi-circle ,  or  other  Level,  ftretch  out 
an  Horizontal  Thred,  ferving  for  the  Horizontal-line  ; 
which  line  need  not  be  one  fingle  line ,  but  may 
be  turned  at  one  or  more  Angles  ,  provided  that  it 
lie  ( all  the  parts  of  it )  totally  in  the  Superficies  of 
the  Horizon. 

Secondly  ,  With  a  perpendicular  thred  held  up,  pro- 
jed  the  Sun  into  the  afiigned  Point ,  and  into  the 
Horizontal  thred,  and  flick  in  a‘Pin,  or  make  a  mark 
upon  the  fame  Horizontal- line ,  through  which  the 
fhadow  cutteth,  and  at  the  fame  inflant  alfo ,  take  the4 
Sun’s  Altitude. 

Thirdly,  By  the  Altitude  taken  find  out  the  Sun’s 
Azimuth  ;  tliis  Azimuth ,  what  ever  it  be,  is  reprefen- 
ted  by  the  mark  formerly  made  in  the  Horizontal- line 
or  thred. 

Fourthly,  Apply  a  Paifl-Board  to  the  afiigned  Point, 
and  hold  it  flat,  that  it  may  anfwer  to  the  Horizontal- 
thred  alfo ;  and  upon  this  Paifl-board  protrad  your  Azi¬ 
muth  by  a  thred  extended  from  the  Point  afiigned  for  the 
Centre  to  the  mark  upon  the  Horizontal  thred.  Which 
done. 

Fifthly,  By  help  of  that  Azimuth  upon  the  Paifl-board  • 
protrad  the  Meridian  Line,  obferving  the  true  Coafl,  and 
quantity  of  the  Angle  from  the  Azimuth ;  and  to  the  Me¬ 
ridian  thus  found  ,  defcribe  an  Horizontal  Dial  for  the 
Place. 

Sixthly,  Apply  the  Paifl-board  to  its  place  again , 
all  things  Handing  right  as  before ;  projed  all  the 
Hours  into  the  Horizontal- thred  from  off  the  Paifl- 
board  ,  and  fet  marks  upon  the  fame  Line  r  for 

the 
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the  Points  of  each  feveral  Hour ,  which  marks  may¬ 
be  little  Knots  to  flip  too  and  fro  upon  the  fame 

thred.  •  , 

Seventhly,  Projed  the  Meridian  Point  by  a  perpen¬ 
dicular  Thred  upon  fome  Objed,  into  that  place  where- 
abouts  you  imagine  the  Axis  of  the  World  would  pais, 
above  or  below ,  from  the  Point  afligned  for  the 
Centre. 

Eightly ,  With  your  Semi-circle,  ( or  a  String  and 
Quadrant, )  elevated  or  deprefled,  ( as  it  fhall  be  re¬ 
quired,  )  from  the  Point  afligned  for  the  Centre ,  ac¬ 
cording  to  your  Latitude,  projed  the  Pole  of  the 
World  " 

Ninthly,  Extend  a  Thred  from  the  Point  afligned  for 
the  Centre  to  the  Poles  of  the  World,  which  fhall  repre- 
Pent  the  Axis. 

’  Tenthly,.  By  the  Point  upon  the  Horizontal  Thred, 
and  this  Axis ,  (  either  by  your  Eye,  laying  the  Axis 

to  the  Hour  Points ,  or  laying  the  Hour  Knots  to  the 
Axis, )  you  may  projed  all  the  Hours  ,  and  draw 
them  — —  Or  elfe  you  may  let  the.  Axis  alone,  and 

content  your  felf  with  the  Pole  point  projeded.  into 
the  Meridian  :  For  if  from  the  Point  afligned  to  be 
the  Centre ,  or  meeting  of  the  Hours,  and  Axis, 
you  extend  a  Thred  to  each  Hour  Point  in  the  Hori¬ 
zontal  Line,  and  do  repofe  (  with  your  Eye)  the  fame 
.  Thred  upon  the  Pole  Points ;  then  fhall  the  fhadow  of 
the  Thred  give  you  that  Hour-line ;  and  do  fo  in  all 
the  reft. 

Eleventhly,  Your  Thred,  or  Axis  lying  in  it’s  true 
fltuation  ,  you  may  eafily  fit  an  Axis  to  the  fame  po¬ 
llute.  If  your  Dial  be  deferibed  upon  a  plain*  Super¬ 
ficies,  you  may  then  ( by  one  fide  of  a  Square ,  ap¬ 
plied  to  the  Thred,  or  Axis,  and  the  other  fide  lying 
upon  the  Plain)  find  out  the  Suhftile,  and  meafure  from 
it  the  Elevation  of  the  Axis  above  the  Plain.  — - But 

if 
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if  the  Dial  be  defcribed  upon  a  Curved  Superficies,  you 
muft  be  content  to  fet  up  your  Axis  by  the  dire&ion  of 

the  "Hired  only. 

Twelfthly ,  This  point  afiigned  for  the  Centre,  be¬ 
ing  a  Point  of  the  Axis ,  is,  as  it  were,  the  Apex  of  the 
Gnomon,  unto  which  all  the  Work  is  prdjedred :  But  if 
it  be  required  to  fet  up  an  Axis  to  fuch  a  Superficies  up¬ 
on  which  the  Hours  and  Axis  will  not  meet  in  any 
tolerable  manner,  becaufe  perhaps  the  Axis  may  be  but 
of  very  fmall  Elevation  above  the  Superficies,  and  yet 
an  Axis  is  required,  in  this  cafe  fet  up  any  point  (of 
W  ire,  or  fuch  like)  of  fuch  diflance  from  the  Superficies, 
as  that  the  Hours  and  Axis  may  be  diftindt  ,  and 
through  that  point  let  it  be  required  to  make  the  Axis 
pafs  ;  you  have  no  more  to  doe  but  only  to  project  to  this 
point  as  before, by  letting  the  ftiadow  of  a  perpendicular  thred 
pafs  through  that  point,  and  noting  the  fame  upon  the  Ho¬ 
rizontal  thred,  and  counting  that  end  of  the  Wire  as  your 
Centre,  proceed  as  before  ;  for  the  thred  that  lies  to  project 
the  Hours  is  a  pattern  for  the  Axis. 


This  Way  is  general,  ferving  to  project  the  Hour-lines 
upon  many  Superficies,  be  they  Plain  or  Curved,  and 
however  fituate,  whether  contiguous  or  feparate,  and 
that  without  any  laborious  inquifition  of  any  of  their 
fituations  in  refped  of  Declination,  Reclination,  or 
Inclination. 


CHAP.  VIII. 

How  from  a  Glafs,  Horizontally  placed,  to  Re  fleet-hours  upon  a- 
ny  Superficies  Flat  or  Curved,  one  or  more. 

\ 

Flrfl,  The  Glafs  being  placed  truly  Horizontal ,  obferve 
the  fpot  of  Light  that  the.  Sun  caft%  and  make  a 
Mark  at  it. 

Secondly, 
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Secondly,  And  obferve  immediately  the  Sun  s  Altitude , 
and  find  the  Azimuth 

Thirdly,  Then  extend  an  Horizontal  thred  in  the  fame 
Level  with  the  Glafs,  but  within  the  Room. 

Fourthly,  Project  the  Azimuth  into  the  Horizontal  thred, . 
by  holding  up  a  perpendicular  thred  in  fuch  a  place,  that 
though  it  hang  at  liberty  you  may  at  once  difcern  both  the 
mark  of  the  lpot  of  Light  and  the  Glafs  likewife ;  and  then 
obferve  where  the  perpendicular  thred  feems  to  cut  the  Ho¬ 
rizontal  thred,  and  at  that  apparent  interfedion  make  a? 
mark  Upon  the  Horizontal  thred  for  the  Azimuth. 

Fifthly,  Apply  a  Paift-board  to  the  Glafs,,  fo  that  it  may 
be  flayed  upon  feme  reft ,  tliat  after  it  is  taken  away  it1 
may  be  reflored  to  its  place  again  with  all  exadnefs :  Let 
it  be  alfo  placed  Horizontally,  fo  that  it  may  have  full  re¬ 
lation  to  the  Horizontal  thred. 

Sixthly,  At  the  Glafs’s  Centre  make  a  point  for  the 
Centre  upon  the  Paift-board,  and  extending  a  thred  from 
the  Centre  of  the  Paift-board  to  the  mark  of  the  Azimuth 
upon  the  Horizontal  thred,  draw  upon  the  Paift-board  that 
line  which  the  extended  thred  figures  out  thereupon  ;  af¬ 
terwards  unto  the  fame  Azimuth  upon  the  Paift-board  draw 
a  Meridian  line,,  and  to  it  an  Horhont  al-Y>\di ;  and  applying 
the  Paift-board  again  to  it’s  firft  fttuation,projed  the  hours 
thereon  unto  the  Horizontal  thred,  and  there  make  marks, 
or  knots/  •  ' 

.Seventhly,  Then  projed  the  Meridian  (by  a  perpendicu¬ 
lar  thred,  covering,  in  appearance,  both  the  Knot  at  iz, 
and  the  Glafs)  unto  the  contrary  Coaft  to  that  wherein 
the  Pole  is  elevated  above  the  Horizon ;  that  is  to  fay,  in 
our  Northern  Climates,  you  muft  project  the  Meridian 
Southward  from  the  Glafs,  becaufe  the  North  Pole  is  eleva¬ 
ted  :  And  in  the  Meridian,  elevate  your  Semi-circle,  or  ex? 
tend  a  thred  and  quadrant  from  the  Glafs  Southwards  till  the 
Plummet  fall  upon  your  Latitude,  fo  fhall  it  point  out,  up¬ 
on  feme  Objed  fet  to  receive  it, ,  the  North  Pole  refleded. 

Or 
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Or  elfe,  if  this  be  not  convenient  (becaufe  in  Windows 
which  look  towards  the  South,  the  North  Pole  will  be 
without  the  Room,  and  fo  the  Axis  above  the  Glafs  ex¬ 
tended  towards  that  Pole  will  be  without  alfo)  you 
may  in  fuch  Cafes  find  out  the  oppofite  Pole  to  it,  that 
is  to  fay,  that  Pole  which  the  former  refleded  Axis, 
being  extended  through  the  Glafs,  and  below  it,  would 
fign  out,  and  that  may  be  effeded  in  this  manner. 

Eighthly,  Projed  the  Meridian  Line  towards  the  Pole 
that  is  elevated,  that  is  with  us,  towards  the  North  Pole ; 
and  then  (becaufe  the  North  Pole  is  elevated  by  refledion 
towards  the  South,  fo,  by  the  fame  reafon,  the  South  Pole 
muft  be  deprefled  towards  the  North )  by  your  Semi-circle , 
or  firing  and  quadrant,  direded  even  with  the  Centre  of 
the  Glafs,  exprefs  or  projed  your  Latitude  downwards,  (but 
towards  the  North ,)  fo  ihall  the  Semi-circle,  or  thred,  point 
out  the  refleded  South  Pole  in  the  Meridian.  Now,  whe¬ 
ther  you  will,  or  can,  (moft  conveniently,)  ufe  the  refleded 
North  Pole  above  the  Glafs,  or  the  refleded  South  Pole  be¬ 
low  it,  you  are  to  take  your  Choice,  for  both  the  one,  and 
the  other  of  them  doreprefent  the  refleded  Axis  of  the 
World. 

Ninthly,By  this  refleded  Axis,  and  the  Hour  points  fign- 
ed  out  upon  the  Horizontal  thred,  you  may  eafily  Projed 
the  refleded  Hours,  upon  any  kind  of  Superficies,  one  or 
more,  whatever  they  be,  that  fland  in  the  way. 
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